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PREFACE. 


This work lias been designed as a first course on ITeat 
Engines for students in Technical Classes. 

The large number of simple diagrams inserted will, it is 
hoped, assist the leader in forming clear mental pictures, 
which can readily be reinemliereil, in connection with every 
portion of the text. 

Tlie exercises given have been carefully selected from 
practice. In working them the student will,ybe8ideB im- 
pressing upon himself ^'thc rules.- they filust^Dilje, acquire 
that knowledge of the relation between, tboi quantities with 
which he has to deal, so essential to a youag engineer. 
The answers need not be worked out to more than three 
significant figures, as this (namely 1 in 1000) is the limit 
of accuracy of any apparatus that would bo used in making 
Mie observations quoted. 

In addition to mentioning the usual lecture-room and 
laboratory demonstrations of the rules given, several 
simple experiments, which can be carried out with home- 
made apparatus, have bceu suggested for the sake of those 
students who have to rely, more or less, upon their own 
resources. 

The new chapters on Internal Combustion Engines, 
which differentiate this work from its predecessor Firgi 
Stage Steam, are the work of Mr. Ewart S. Andrein^ 
B.Sc. Eng. (Lond.), Lecturer at the Goldsmiths’ College 
(University of Loudon). In connection with tliese now 
chapters our thanks are due to the firms who kindly 
supplied information and illustrations. 



NOTK TO SECOND EDITION. 

Tn the i>repamtioii of the Sch'oikI Edition of IIhk 1>ook, 
the text has heeu revised and two small atld tions have 
Ixien ma<Je dealiiiii' with TWo-Stroke Engines and lli^h 
S{)eed riiilieators rt-spcc^tivoly. 
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INTRODUCTION. 


A. MENSURATION. 


To understand the problems dealt with in the body of 
this book, it is necessary to have a thorough knowledge of 
the following rules of mensuration. They are collected 
here for convenience, and stated as briefly as possible. 
Only those which are directly useful in simple steam-engine 
calculations are given; and to assist the memory, their 
connection with one ^pother is roughly indicated. 


I. Area of a rectangle (Fig. z) or of a paralldogram 
(Fig. a). 

Area - a// 


The triangle abe (Fig. 2) can be removed and placed in the position 
where it makes up with the remainder of the parallelogram a 
rectangle of area BHn • 
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Area of a Trapezoid (Fig. 4). 

Note. — A trapezoid is a four-sided figure with two 
parallel and two non-parallel sides. 

Area » i («i + 

where is the height measured mid-way between the 
parallel sides. 


If we imagine the triangles and dtf turned round into the 
positions aV d and it will lie seen that 

the trapezoid is equal in area to a rectangle of 
area B. 


4. Approximate area of any irregu- 
lar figure such as Fig. 5. 

Divide the area up into any even 
number of parts by equi-distant parallel 
lines of lengths //], etc., at a 

distance i apart, and let B be the total 
breadth of the figure. 

Replace the original contour by a 
series of straight lines, as shown. 
These, together with the dividing 
lines, form a set of trapezoids whose 
combined area is very nearly the same 
as that of the irregular figure. 



•% Area ■■2^//j + 2^//j + 2^//u + 2^//y + a^//0 

- 2 ^ (//, -H //, + //, -I- //^ -h //,) 

- I («i + A/, + «, + //r + 

S 


Since it is only necessary to measure B and //,, 
Hj, no other lines need be drawn. 
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Hence the following rule : — 

To find the area of any irregular figure, divide it by 
vertical lines into an odd number of part^ making the two 
end divisions half the breadth of the rest. 

The sum of the lengths of the verticals, divided by their 
number, and multiplied by the total breadth, gives the area 
of the figure. 



Ten verticals, or ordinaits^ are usually sufficient, dividing the area into 
eleven parts. 

5. The oiroumference of a circle (Fig. 6). 



Fto. a 


. Circumference 3'I4 t6 D 
(- 3*14 Dot s^D approximately.) 

This rule may be verified by measoring with a tape the circumference 
and diameter of a drcnlar wh^ 
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6. The area of circle (Fig. 6) 

- -785 

The area may be divided into a veiy lai^ge number of sectors, as 
shown, of height if ( = J D) and base 3, say. If these sectors are taken 
narrow enough, the difference between them and triangles of area 
\Rb^^Db will be inappreciable ; therefore the area of each sector 
may be taken as } D 3. 

•\ Area of the whole circle = + ^ + ^ + + etc, 

= I D (drcumference of circle) 
szlD X yHD 



7. Area of onrved surfiuie of a 
cyUnder (Fig. 7). 

n Circumference of cylinder x height 
of cylinder 
= 3-14 D H. 


8. Volume of a cylinder (Fig. 7), 

B Area of cross section of cylinder 
X height of cylinder 

- -785 d ^ h . 


Tie JVammeter, 

For measuring areas bounded by irregular lines, an instrument called 
a planimeter may be used. One form of this is shown diagrammatic- 
ally in Fig. 8. It consists of two aims X and K hinged at Z. K 
rotates about a fixed centre P (a needle-point stuck into the paper). The 
arm X carries a tracing-point T and also a wheel Hf, whose aads is in 
the line joining T and 2. If the instrument is laid on a flat surfiice, 
and the tracing-point T is moved completely round the boundary of any 
dcaed figure, the wheel IV will turn through an angle proportional to 
its area. 




Fia 8 .— Amder's Planiineter. 


Bx. /. — Show by experiment that the area of the triani;le is half that 
of the rectangle in Fig. 9. 

Draw the figures to scale on stout cardboard, cat them out and weig^b 
them. 

In an actual case the 
weights were found to be 
as follows— 

Triangles 52;^ grains. 

Rectangle = 103) „ 

Rectangles 51} „ 

The difference of i grain 

would be accounted tor by the roughness of the experiment 



Flc. g. 


Ex, F.— Show that the area of a circle 6 inches in diameter if 
X ^ s 28*3 square inches nearly. 

Cut out a circle 6 inches in diameter from the same cardboard as was 
used in example 1 and weigh it. 

In an actual case we^ht of circle was found to be Z45 grains. 

Now the rectangle^ measuring 5 x 4 s 20 square inches in area, 
weighed 103) grains. 


, weight of 1 square inch of cardboard s 5*18 grains. 

20 

, *. the area of the circle s s 28*2 square inches. 
5*15 
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Ex, A bucket weighs 4 lbs. empty, and 37 lbs. 4 oz. when full of 
water ; find its capacity in cubic feet. 

(1 cubic foot of water weighs 62*3 lbs.) 

Weight of water = 37 lbs. 4 oz. - 4 lbs. 
s= 33 lbs. 4 oz. 

= 33*25 lbs. 

weight of water 


Volume of water s 


weight of I cubic foot of water 


capacity of bucket = =s *534 cubic foot. 
02‘3 


Ex, 4 , — Find the weight of a cast-iron cylinder, 3 feet in diameter, 
5 feet high and i inch thick. 

(1 cubic inch of iron weighs *27 lb.) 

Area of cylinder s 3*14 x 3 x 5 square feet. 

= 3*14 X 3 X 12 X 5 X 12 square inches, 
volume of metal = 3*14 X3X12X5X12XI cubic inches. 

.'. weight of metal = 3*14 x 3 x 12 x 5 x 12 x 1 x '27 pounds 
ss 1,830 pounds. 


Examples A. 

Note.— T ake the weight of x cubic inch of iron to be '27 lb. 

1. A sheet of iron xo feet by 5 feet is divided by a line drawn from 
the centre of a long side to one of the opposite corners. Find the area 
of each division. 

2. If the iron in question x is } inch thick, find the weight of each 
division. 

3. What length of bar iron is required to make a hoop 3 feet in 
diameter? 

4. Find the length of string required to wrap xoo times round a 
pipe 4 inches in diameter. 

5. A bicycle wheel is 28 inches in diameter. Find how many revolu- 
tions it makes in travelling a mile (X760 yards). 

6. A locomotive driving-wheel is 6 feet in diameter, ^ud how many 
revolutions it makes in travelling a mile; 

7. Find how many revolutions the above wheel makes in one minute 
when the engine is running at 45 miles an hour. 

8. An engine fly-wheel, lo feet diameter, makes xoo revolutions per 
minute. How many feet will any point on its circumference move per 
second? 
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9. The large wheels of a locomotive (6 feet diameter) roahe 240 
revolutions per minute. Find how many revolutions the small wheels (4 
feet diameter) make. 

la Find the area of the cross section of a cylinder 6 inches in 
diameter. 

11. The flat end' of a boiler is 7 feet in diameter. Find its area in 
square inches. 

12. If the above boiler is working at a pressure of 100 lbs. per square 
inch, find the total force on either end in tons. 

13. A piston is 20 inches in diameter, and the steam pressure on it is 
30 lbs. per square inch. Find the total force on it in pounds. 

14. The total steam pressure on a piston 12 inches in diameter is 
2000 lbs. Find the pressure per square inch. 

15. A cast-iron pipe isti inches internal diameter, inches external 
diameter. Find toe area of metal in its cross section. 

16. Find the area of a semi-circle 5 inches diameter by taking 10 
ordinates at right angles to the diameter, and also by the formula mr a 
circle. 

17. Find in square feet the external area of a pipe 3 inches in external 
diameter and 10 feet long. 

18. The furnace gms in a locomotive boiler through 180 tubes 
2 inches in external diameter and 12 feet long. Find the heating surfime 
due to these #. their total area). 

19^ Find the total external area of a boiler 30 feet long and 8 feet in 
diameter. 

2a Find the weight of 10 feet of an iron pipe of 4 inches mean 
diameter and i inch thick. 

21. Find in cubic feet the volume of steam in a cylinder 26 inches 
long and 18 inches in diameter. 

22. Find the weight of a cast-iron piston 12 inches in diameter and 
a inches thick. 

23. The rim of a fly-wheel, 10 feet in diameter, is 12 indies broad 
and 6 inches thick. Find its weight in tons. 

24. Water is flowing through a pipe 4i indies diameter at the rate 
of 100 feet per minute. Find the number of cubic feet discharged per 
hour. 

25. The cylinder of a small engine is 3 inches in diameter and 6 
indies long. It is filled with steam twice in each revolution. Find the 
Qumber of cubic feet of steam used in lOQ revolution^ 
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B. THE USES OF SQUARED PAPER. 

(a) Reduction of experimental results , — Many questions 
arise in practical engineering which are best dealt with 
graphically. For example, a scries of experiments may have 
been made to determine how one quantity, say the quantity 
of steam generated in a boiler per hour, varies with another, 
say the quantity of coal burnt in the furnace. 

If, for each experiment in such a series, a point is marked 
down on a sheet of paper, so that its distance from a certain 
line is proportional to one of the quantities, and its distance 
from a second line, at right angles to the first, is propoiuosal 
to the oth^ quantity, we obtain, by joining these points, a 
diagrammatic^ representation of the relation sought, from 
which much can be learnt 

For this purpose paper ruled into squares, one-tenth of 
an inch across, can now be purchased cheaply. Every fifth 
or tenth line is made darker than the rest, to simplify count- 
ing up the divisions. Its use will be well illustrated by the 
following examples. 


Ex, /.—A railway engine draws trains of various lengths at a uniform 
speed of 50 miles per hcmr over a certain piece of line. The weights of 
tnese trains and the oorresponding quantities of coal burnt per hour in 
the locomotive are given below. 


Well^t of trm 
Tons. 

800 

doo 


Ine alone 


Coal burnt per hoifr 
Pounds. 

900 

2x5 


Express these results in a diagram, and find how the coal burnt per 
ton load varies with the load. 

In tUs case onr two variables are the weight ef the train and the 
weight of the fuel eeusumed. Take measurements along two lines at 
right angles (OX and OY, Fm. 10) to represent these. 

Let taok mviaion along OX represent ao tons load, and each division 
along OY represent so Ihs. of coah 
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By measuriiig 40 divisions along OXf and 45 upwards, a point is 
found corresponding to the foel oamt at the maximum load. Bjf 
measuring 30 divisions along OX^ and 36) upwards, a second point is 
found corresponding to the fuel burnt for a 600 tons load. The points 
for 300 tons and no load are found similarly. Now draw an even line 
as nearly as possible through these points. 

This line represwts the probable coal consumption for any load 



Fui. la^Variatioa oToosl conmmptha hi a loooootive with load drawn. 

between those given. Thus, it shows that 390 lbs. of fuel per hour 
would be burnt when drawing a tnun of aoo tons. 

Nom— As it is impossible to make absolutely accurate experiments, 
the points representing the results will not always lie on a continuous 
line. In sucn a case a ** mean line*’ must be dnwn, passing as nearly 
as possible thioimh all the points, but without humjM or breaks in it 
Thu artifice tends to correct accidental errors in individual experiments ; 
but it does not tend to correct any error running through the whole 
series. 

Tbe second part of the example Is solved hy dividing the heights of 
a series of poinU on the line drawn, by their distances from OK, 
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measured on the scales marked, and plotting the quotients to the same 
scale of loads, and a new vertical scale on which lo divisions represent 
one pound of coal. 


Load in tons. 

Coal burnt per hour. 
Pounds. 

Pounds of coal burnt per 
hour (ler ton loaiL 

100 

310 

310 

200 

390 

I -95 

400 

570 

1-42 

600 

730 

1'22 

8co 

900 

1*12 


Notb. — This example is founded on actual results, so that we leam 
from it, first, that within the range of loads given, the more the engine 
does the more economically it works, and secondly, that this increase 
in economy though rapid at first is very gradual near the maximum 
load. 

For convenience of reference it is usual to call distances 
measured horizontally (ie. along OX) absoissm and dis- 
tances measured vertically ordinates. 

(S) me application of known laws to solve special 
problems, — Graphical methods are just as useful when it is 
desired to apply a law determined by previous experiment 
to a special case. The next example will illustrate this. 

Ex, a, — ^An electric light station when making its maximum output 
of 600 kilowatts, uses 1,920 lbs. of coal per hour. When its load factor 
is 30 per cent, (that is, when its output isfioo x w-h 100), it uses 1026 
lbs. of coal per hour. What will be the probable consumption of coal 
per hour when the load factor is 12 per cent. ? (S. and A. 1900.) 

Here the known law is, that the variation of coal consumption with 
output (or load) can be represented, approximately, by a straight line. 

Mark off some convenient horizontal scale, say aoo kilowatts s 1" 
and a vertical scale, say 500 lbs. b 1'' (see Fig. ii). 

Plot a point A corresponding to 600 kilowatts and 1,920 lbs. of coal, 
and a second point B corresponding to 600 x 30 4- 100^ s. e, 180 kilo- 
watts, and 1,026 lbs. of coal. 

Draw a straight line through A and B and find upon this a third 
point G, whose abscissa is 600 x 12 4- 100 or 72 kilowatts. 

The ordinate of C gives the required coal consumption, namely 
795 lb*- 









Lka, ^ C«al S ftumf per Hi 


INTRODUCTION, 


II 




■■■■■■■■■■■■■■■■■■■■ 


!■■■■■■ 

jflMMa 

!■■■■■■■■■■■■■■■■■■■ 


8 



■■■■■■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■EnEH 

■■■■■■■■■■■■■■■■■■■a 

B aaaaaaaaaaaaaaaaaa^ 
aaaaaaaaaaaaaaaaasia 


aaaaaaaaraaaaaaaaaaa 


iaa[HaaaaaaaaaaaBaaaB 



BBBBBaBBBBBBBBBBBBBB 

BBBBBaBBEaBBBBBaBBBB 


BaBBBaBBBBBBBBBBBBBB 

BBaBBaBBBBBBBBBBBBBB 

BBaBaBaaaBBBaaaBBBBB 


iOO 400 

OuipHtHihuMUts, 


■■ 

:s 

■■ 

■■ 

■■ 

■K 

mm 

B 


■ ■ 


Fig. II. 
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(f) Tht (omemon and corrutm of seaUs.—k third use 
of squared paper is for converting measurements on one 
scale into corresponding measurements on another. ^ Thus, 
if we desire to convert a series of weights stated in kilo- 
grammes into pounds we may proceed as follows : — 

Take each vertical 
division (see Fig. la) 
to represent one kilo- 
gramme and each 
horizontal division to 
represent a lbs. Now 
I lb. is equivalent to 
‘453 of a kilogramme 
or 30 lbs. are equi va- 
lent to i3‘59 kilo- 
grammes. Ptot a 
point A opposite^ the 
latter pair of readings; 
then any point on a 
straight line drawn 
through A, and the 
zero, gives corre- 
Thus 10 kilogrammes 
aie shorra to be equal to aa'05 lbs., and so on. 

This method may also be used to find the correct reading 
on gauges or thermometers when these are known to be 
graduated incorrectly and the error has been determined at 
ffwrtftin points. Scale divisions are marked as absdssse and 
true values (lbs. per square inch or degrees) as ordinates. 
In this way a series of pomts ate plotted showing the 
correct values for certain of the scale reading; and the curve 
drawn through these points b the "correction curve ” for the 
instrument The corrected value of any other reading is 
{pven by the ordinate to this curve, measured from the 
coitesponcUng point on the horizontal scale. 



Pounds 

Fig, la.— Graphical method of converting 
kilognmmei uto pounds 

spending values in the two measures. 
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Examples B. 


1. A cargo steamer bums 8 tons of coal a day, when unloaded, and 
32 tons of coal a day, when steaming at the same speed, fully lo^ed. 
Find graphically the probable cool consumption when half loaded. 

2. A series of experiments made to determine the fuel consumption of 
a motor car gave the following results : 


Speed, miles 
per hour. 

6 

8 

10 

12 

*5 


Pints of Petrol 
consumed per hour. 
2*1 
3*4 
5*0 
7*0 
10*6 


Plot these on squared pAper and draw a curve through them. 

3. A bicycle costs 12, and 30 shillings a year for repaim Find 
graphically now much will be expended on it in 5 years. 

4. If the owner of the above Intwcle rides 1000 miles a year on it, 
thereby saving in railway faxes, find how soon it will pay him. 

5. A pump requires 340 ibs. of steam to raise 1,200 gallons of water 
per hour, and 610 Ihs. of steam to raise 2,700 gallons per hour. Find 
the probable weight of steam required to raise 3,000 gallons per hour. 

6. A diving-bell containing 400 cubic feet of air at a pressure of 
y lbs. per square inch, is lowered into water to a d»th of 20 feet, 
ne pressure in it rises ‘43 lb. per square inch for each foot it descends. 
Draw a curve showing how the volume of the air varies. 

Note.— T he volume of the air will vary inversely as the pressure, 
see Chapter II, page 32. 

7. Draw a figure for converting gallons into cubic feet (i gallonsx 
*1605 cubic foot) that will read by gallons up to 100 gallona 

8. Draw a figure for converting centimetres into indies (i indis2'54 
centimetres), reading by millimetres up to 10 centimetres. 

(1 millimetres^ centimetre;) 

9. A pressure gauge has been tested and its error determined at the 
following pofots I 


Frasunper 

iqnaraindu 

O 

20 

40 

60 


Gaiuga 

readiB 




Draw a correction curve for it and use this to determine the gauge 
rea^ig for a pressure of 30 lbs. per square inch. 



CHAPTER I. 

THE STEAM-ENGINE IN ITS SIMPLEST FORM. 

1 . ConstructioiL of a Steam-engine. — ^The beginner must 
acquaint himself thoroughly with the names, the uses, and 
the connection with one another, of the principal parts of a 
steam-engine, before attempting to study the theory of its 
action. 

He can gain this knowledge best from a comparatively 
small engine such as that shown in Figs. 13, 14 and '15, in 
the construction of which simplicity has been aimed at rather 
than economy in steam consumption, the chief considera- 
tion in designing those of laige power. Fig. 13 is a 
side view of an engine suitable for driving the machinery 
in a small factory. Fig. 14 is a plan of the same engine, 
with the top part of the cylinder C, the valve-chest Y,C and 
the valve V removed down to the line XX (Fig. 13)- 

Fig. 15 is a view of the opposite side to that shown in 
Fig. 13. In this the valve-chest V ,0 and the shaft S are 
supposed to be cut away down to the line YY (Fig, 14) and 
part of the slide-valve V is omitted to show the steam-ports. 
The drain-cocks also are omitted. 

In each case the parts are marked with the initial letters 
of their name^ to assist the student in learni^ these. He 
should carefully compare their arrangement in this engine 
with that in others, those for instance at any workshop to 
which he has acceis^ on board a steamer, or upon the 
railway. 

The action of the steam can best be understood by tracing 
its path from the steam-pipe S.P to the exhaust-pi^ £.A 

S.Y is the stop-valve placed near the engine^ within easy 
reach of the epgineer. It is controlled by a hajDid-wheel (on 
the fax side in Fig. 13). 
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Next to the stop- valve, which is regulated by hand, comes 
the throttle-valve, controlled automatically by the governor 
G. The mechanism of the governor is so contrived that, 
if the speed of the engine increases (owing to a decrease 
in the work to be done) the throttle-valve is partially closed, 
and vice versA. It acts in the following manner. The valve 
has a long spindle protruding from the casing, and passing 
freely through the centre of a bevelled wheel, driven by the 
engine. Fixed to this wheel, and also to the top of the 
spindle, are four flat steel springs with weights mounted upon 
them. These weights, as they revolve, tend to fly out, 
till, when the speed becomes too great, they bend the 
springs, thus shortening «£hcm, and depressing the spindle, 
so as to close the valve. 

Since the throttle-valve and governor will take up a position such 
that just sufficient steam is admitted to do the work r^uired, it is 
evident that the average speed of the engine will slightlyincrease as the 
load decreases and less steam is wanted, and via versd. 

Having passed the throttle-valve, the steam now enters 
the slide-valve chest I^.C, and its further progress is regulated 
by the slide-valve 1^, which moves backwards and forwards 
over three openings called ports. The two outermost of 
thes^ the steam-])orts, lead to the ends of the cylinder C, 
while the central one, the exhaust-port, opens into the 
exhaust-pipe E.P. 

The cylinder 6 has it ends closed by steam-tight covers^ 
the front one being part of the frame r, and the back one 
being readily removable for examining the interior of the 
engine. 

Within the cylinder is the piston P. Fixed firmly to the 
latter is the piston-rod P.ff. This extends throuj^h the front 
cylinder cover to the cross-head 0 .H, which is guided bjr the 
cross-head guides O.H.O 9 so that it can only move in a 
straight line. 

The connection between the oiston and the shaft 5, is 
completed by the crank-disc 6 .U, the crank-pin O.Pt and 
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We must now see how the steam causes the piston to 
move, and why this reciprocating motion makes the shaft 
revolve. 

This engine is arranged to run in the direction indicated 
by»the arrow. The piston is shown at the end of its stroke, 
and the slide-valve in its corresponding position is just 
commencing to allow steam to enter the front steam-port, 
while it has made a connection, through its hollow under- 
side^ between the back end of the cylinder and the exhaust- 
port, and thus through the exhaust-pipe to the air. There 
i8| therefore^ the full pressure of the live steam on the front 
side of the piston, and only a very small pressure opposing 
it on the other side, due to the resistance of the escaping 
steam. This difference of pressure will cause a tension in 
the piston-rod and connecting-rod, and a force on the crank- 
pin. In all positions but two (at the ends of the stroke) any 
force applied like this will turn the shaft, in the same way 
that the pressure of one’s feet on the pedals tends to turn 
the cranks of a bicycle except when they are at the top or 
bottom. And further, just as the weight and velocity of the 
rider and his machine carry the latter past these dead 
points^ so the heavy fly-wheel of an engine prevents it 
stopping. 

In Uariing an engine the dead points are a serious difficulty, to overv 
come which various methods are adopted. Locomotives have two 
cranks, set at right angles, and marine engines three or more^ while 
large mill engines have some device for Guring them round into a 
pontion where the steam will take effect 

As soon as the connecting-rod becomes inclined, the 
steam pressure causes further motion, and the slide-valve 
will move to the right (Fig. 15), as well as the piston, thus 
opening the front port fully, and keeping the back port iq 
connection with the exhaust-pipe. 

After about ^ of a revolution, the valve will have reachec} 
the end of its travel and will begin to retrace its path, so that 
after | of a revolution (or when the piston has moved f of 
the length of the cylinder) it will be in the same position as 
it was to start with; that is to say, it will just be closing the 
front port. After this, for the rent of file pistQn'ntroke^ the 
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Steam supply to the cylinder is *‘cut off/’ and that which 
has already been admitted expands and exerts a decreasii^ 
pressure on the piston. Just before the end of the stroke 
the slide-valve will have moved so far to the right that the 
back steam-port is closed and the front one is put in con- 
nection with the exhaust-pipe. Finally after half a revolution 
the back steam-port will be opening to steam, the front port 
will be open to the exhaust, and the slide-valve will be 
moving to the left, ready to perform the same cycle of 
operations for the out stroke of the piston as for the in. 

If the reader copies the slide-valve and piston on slips of tracing 
paper, so that he can move them into their various corresponding 
pc^tions, it will assist ^im in following this description. 

The cylinder is lagged outside with some non-conducting 
material, held in place by a sheet-iron covering. It consists 
of a cast-iron shell into which a liner is fitted. Between 
shell and liner is a space filled with steam by the branch 
pipe shown in Fig. 13. The water condensed is drained 
away through the cock J.D, The object of this steam-jiukei^ 
is to prevent condensation of the working steam. 

Some water will be sure to find its way into the cylinder 
at starting, and this may choke^ the steam-j^rts and even 
fracture the c;flinder cover, by being driven violently^ against 
it Such accidents are avoided by opening the drain-cocks 
C.D, till they discharge nothing but steam. 

A similar cock (not shown) is also fitted for draining the 
valve-chest. 

Although the piston P, when new, might be made to fit 
the cylinder so well that little or no steam could leak past it, 
it would very soon wear loose. Instead of attempting such 
useless accuracy of workmanship, therefore, two broad, thin, 
split piston-rings are employed. These arc held in place 
laterally by a flange at the front and a removable yunk ring ” 
at the backi They are elastic and are pressed outwards by 
an internal, coiled spring, so that they adapt themselves 
automatically to any change of diameter in the cylinder. 

Leakage frbm round the piston-rod and valve-rod is pre- 
vented ^ enlaiging the outer port of the bolesy through 
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which these enter the cylinder and valve-chest, and filling 
the vacant space with some form of compressible packing 
(hemp, asbestos, or soft metal). A loose collar, or glatid^ is 
screwed down on top of the latter, which then makes a close- 
fitting joint without causing excessive friction. This arrange- 
ment is called a stuffing-box (see S.fi, Figs. 14 and 15^ 

Since the cross-head is subject to oblique forces from the 
connecting-rod, it has to be supported by guides C.H.G. 
These take the form of a planed surface on the frame, upon 
which the foot of the cross-head bears, and cover-plates with 
grooved sides. The engine must run in the direction indi- 
cated, so that the greatest pressure is always downward^ 
against the frame, and not upwards against the cover-plates. 

The crank-shaft O.S is supported by two main bearings 
M.B. These each consist of a pair of brass blocks, lined 
with white metal, and supported in a cast-iron frame with a 
removable cover. 

The large, or crank, end of the connecting-rod O.R also 
consists of brass blocks bolted together, while its small forked 
end carries a pin passing through a brass bush in the cross- 
head. 

The slide-valve has its motion imparted to it by an 
eccentric £. This may be described as a crank in which 
the pin is made so much larger than the shaft that it embraces 
it The centre of the eccentric is set about z2o degrees in 
advance of the crank to make the slide-valve take up its 
proper position, relative to the piston. The eccentric-strap 
£.8 corresponds to a connecting-rod end. It carries the 
eccentric-rod E.R which is hinged to the valve-rod K/ 7 , the 
weight of both being borne by the valve-rod guide V.R.G. 

All the working parts are lubricated from oil-boxes, one 
of which is shown to a larger scale in Fig. 16. A supply of 
oil is stored in a reservoir, whence it is siphoned by a cotton 
wick into a pipe leading to the bearing surfaces. The wick 
is removed when the engine is stopped. 

A special device, called a sight-feed lubricator,” has to 
be resorted to in the case of the piston and slide-valve (see 
S.L, Fig. 13). Water is allowed to condense in the long cool- 
ing pipe to the left, and this presses on the oil in the central 
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reservoir, and forces it drop by drop through the gauge-glass 
and the right-hand pipe into the steam-chest, close to the ports. 

The whole structure rests on a solid block of concrete^ 
3 feet 6 inches. thick, and is held in place by 6 holding- 
down bolts, 1 inch in diameter, passing right through the 
foundation. 



8. Work. — more detailed description of many of the 
parts mentioned above will be found in the succeeding 
chapters. For the ^present, the attention must be turned 
from the construction of the steam-engine to its uses. These 
include pumping water, lifting minerals from mines, drawing 
trains propelling steam-ships, and driving the shafting and 
machinery in factories, or the dynamos in electric power and 
lighting stations. 

In every one of the above cases, it will be seen that the 
dut^ of the en£^ne is to move something through space 
against a resistance, and this is called doing work. The 
water and minerals are raised against their own weight 
The trains are drawn against the friction of their axles. 
The steam-ships are propelled a^nst the resistance of 
wind and water. The factory engine turns the rim of its 
fly-wheel agaimt the pull of the driving-belt upon it, and in 
the dynamo^ the outer surface of the armature is moved 
against powerful magnetic forces. 
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Doing work, then, consists in causing motion against a 
resistance. In measuring work, therefore, both the distance 
moved, and the resistance overcome, must be taken into 
account. Thus we get the following important definition : — 

Work. — TVhen a body is motfed through any distance^ 
against a resistance^ work is done upon it. The amount of 
work done is equal to the product of the resistance and the 
distance moved against it. 

If a body lie moved obliquely to the direction of a resistance, this 
motion may be split up into two parts, one in the direction of the 
re^tance, and the other at right angles to it. Only the first of these 
is involved in calculating the work done. 

Work is also done upon a body when its velocity is increased. This 
case will be considered later. 

It is usual in this country to measure the distance in feet, 
and the resistance in pounds, so that the work is stated in 
foot pounds. 

Ex. i.—~A man raises a stone weighing 2 pounds, 3 feet high. JIow 
much work does he do ? 

a feet x 3 pounds » 6 foot pounds of work. 

Ex. 0 . — One pumping engine raises 40,000 pounds of water 50 feet, 
while another is raising 7,000 pounds 300 feet. Which does the greater 
amount of work? « 

Work done hf first pump s 40,000 x 50 =2,000,000 foot pounds. 

Work done by second pump = 7,000 x 300=2,100,000 foot pounds. 

Ex. j . — mill engine fl^-wheel is 10 feet in diameter. The differ- 
ence in the pull of the two sides of the belt upon it is 400 pounds. Find 
the work the engine does per revolution. 

The distance moved hy any point on the rim of the fly-wheel in one 
revolution *■ drcurofercnce of wheel = 3*14 x 10 = 31*4 feet 

This distance b moved through against a pull of 400 pounds. 

•*. Work done per revolution = 31*4 x 400 — 12,560 foot pounds. 

Ex. 4— A horse tows a baige at the rate of 4 miles an hour. How 
muejj^ work does he do per minute, if the tension in the rope is 90 
pounds? 

The distance moved per minute = s 352 feet. 

.*. Work done per minute = 35a x 90 = 31,680 (bot pounds. 

8. Powor. — ^Theie is another &ctor which must now be 
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taken into consideration, and that is the fyme in which work 
is done. 

One engine is said to be more powerful than another^ if it 
can get through ^ same amount of work in less time. 

Thus a steam pump which raises 10,000 pounds of water a 
minute, through 100 feet, is said to be twice as powerful as 
one that can only raise 5,000 pounds the same height, in the 
same time. 

Now engines were first introduced to replace horses, and 
a very good horse can do 33,000 foot pounds of work in a 
minute. Hence an engine which could do this was called 
a one-horse-power” engine. One which could do 66,000 
foot pounds of work a minute was called a “two-horse-power” 
engine, and so on. 

This rule, which is stated in a concise form below, is still 
used. 

H0RSE-P0WER.-^7h find the horsepoiverofan engine, divide 
the number of foot pounds of work it does per fninute by 33,000. 

Ex, s* — E winding engine raises a weight of 2 tons, 300 feet in 2 
minutes. Find its horse-power. 

Total work done a 2 x 2,240 x 500 foot pounds. 

Work done per minute s ^ foot pounds. 

/. Horse-power = ^ ^A? 4 p.-X .300 ^ ao^nearly. 
ax 339O00 

When an engine is employed to drive a dynamo^ the 
work it does can be determined very simply by measuring, 
the electrical current and voltage generated. 

The current (measured in amperes) represents the rate at which 
electricity is generated, and the voltage (measured in volts) repmnts 
its pressure. These quantities are reim directly on instruments called 
ammeters and voltmeters. They are reduced to horse-power by the 
following rule— 

«»P«^^rSfa,hoi.e.p(>wcr. 

In the case of pumping engines also,, the work done can 
be calculated from the amount of water delivered, and the 
height it is raised, but^ since it is impossible to tell aocuntely 



i4 tHfc StfcAM-ENGlKE IN Its SIMPLEST FORM. 

what the resistance of trains, of ships, or even of workshop 
machinery is^ some other way of determining the work 
absorbed in ^riving these must be resorted to. 

4 . Indicated Horse-Power. — Fortunately there is an 
alternative method which is very simply applied. 

The mean effective pressure of the steam on the piston, 
that is to say the average difference of pressure upon its 
two sides, can be measured by means of an instrument 
called the indicator^ which will be described in Chapter II. 
Now, it is this difference of pressure which moves the piston, 
therefore the work done by the steam on the latter, per 
stroke^ is equal to the mean effective pressure multiplied by 
the length of the stroke. This work done by the steam on 
the piston is the same as that which is done by the piston 
on the piston-rod, by the piston-rod on the connecting-rod, 
by^ the connecting-r^ on the crank, by the crank on the 
dnving-wheel, and so on ; it is, in fact, the work given out 
by the engine, except that a small portion of it is absorbed 
in the friction of the glands, guides^ bearings, etc., on the 
way. 

The work done per minute on the piston, is the work 
done per stroke^ multiplied by the number of strokes made 
pn minute, and this quantity, expressed in foot pounds and 
divided by 33,000, gives the horse-power of the engine. It 
is called the indicated horse-fewer (written because 

the indicator is employed to determine it. As nas been 
pointed out^ the horse-power, measured from the work the 
engine does against an outside resistance^ or the effective 
horse-power^ is always less than this, because some work is 
taken up in driving the engine itself. 

An engine of 100 /.//.A will require about 15 H.P, to 
drive it, so that its effective horse-power will be only 85 //.A 

Other engines of different powers will absorb a pro- 
portionate amount 

The fraction 

Effective horse-power 
Indicated horse-power 

is called the of an engine 
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It must be remembered that the power lost in an engine remains 
nearly constant however little outside work it is doing; thus the 
loo f,H,P. engine above has a mechanical efficiency of ‘85 at full load, 
but this falls to *7 at half load, and *4 at one-quarter load. 

The effective horse-power is often called the brake horse-power 
as small engines are tested by applying a brake, of known 
resistance, to their fly-wheels before they arc sold. 


The calculation of the indicated horse-power of an engine 
is so important that we must now deduce a formula for it, 
which can be committed to memory. 

Let p a the mean effective pressure per square inch on the 
piston, as determined with the indicator. 
h a the area of th^. piston in square inches. 

L a the length of the stroke in feet. 

H a the number of revolutions the crank makes per 
minute. 

The total effective pressure on the piston 

Since the piston makes two working strokes for each revo- 
lution of the crank, the distance it moves per minute is 

2LN. 


. * . The work done per minute 

^p A X 2 LN 

horse-power a 

33iOoo 


or, reananging the letters in the top line 


I.H.P. - 

a rule very easy to remember. 


2pLAP 

3^000 


Ex, d.— Find the indicated horse-power of the engine illustrated in 
Figs- I4» 15 when it is running at iio levolationa per min., 

and the mean effective pressure on the piston is 30 lbs. per sq. inch. 

IMP ^ ^P^AN ^ 2X 30 X ft X 10^ X 7854 X 110 
’ ' 33,000 33.000 

__ a V 30 X so X 100 X 7834 X IIP 
la X 33,000 
« 26*2 nearly. 
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Ex, 7. — The area of an engine piston is 10 square inches, and its 
stroke 6 inches. Find how fast it must run to develop 2 horse-power 
when the mean effective pressure is 33 lbs. per sq. inch. 

IM.P. = 

33.000 

H s 33.000 _ 33,000 X 2 

2/ Id ’*2 X 33 X i X 10 


=s 200 revs, per mm. 


If the reader has not seen a large engine tested, he should procure a 
model of some kind, and measure the power it will develop. A great 
deal may be learnt from judicious experiments of this sort. 

Fjg. 17 is a photograph of a brake, fitted by the author to a small 
vertical engine, whidi works admirably. 

The model is placed upon a bmc, on the side of which a pendulum is 
pivoted at F, To the top of the pendulum is tied a cord, which passes 
over the grooved pull^ P, and carries a weight at its lower end. 

The foot of the pendulum forms a pointer, moving in front of a card- 
board scale graduated in the following vray. Before steam was got up, 
a series of very small weights were hung on the cord in turn, and the 
positions the pointer took up were marked. 

For each weight this position varied between two limits, on account 
of the friction of the shaft bearings, etc. ; one limit was obtained by 
turning the wheel to the right, and letting it go, and the other 1^ 
turning it to the left. A point midway between these extremes was 
taken as the reading on the scale, when the tension to in the cord 
equalled the weight, for at one extreme the whole friction was acting 
with the weight, and at the other it vras acting against it. In this manner 
the scale was constructed to read up to | of an ounce. 

When the engine vras running, the friction of the cord a^inst the 
pulley tended to raise the weight Nf, and so reduced the tension w till 
slipping took place. 

The resistance against which the pulley turned was, therefore, the 
difference between W and w. The former could be altered at will and 
the latter read on the scale. 

Below are the results of an actual experiment : 


Tkst or Model Vertical Engine. 


Diameter of pnllejr at bottom of groove 
Revolutions per minute 

Laige weight W 

Tension m. 

Resistance 

Distance moved against this resistance 

per revolution • . • • 

Ditto per minute • • • « 

.*. Work done per minute . • • 

.'. Brake horse-power . 


= •57'" 

- 320 

= 20ZS. 

*= ttoz. 

S It ^ 

:,3:!4x:57 149 foot 

12 

s -149x320 s47-68feet 
X 47WX 1084 ss 4*01 ft lbs. 
s 4*014-33,000 9 *00012 
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After reading Chapter X, this experiment should be extendeil, by 
measuring the fuel consumptions required to produce various powers. 


Examples I. 

1. Sketch a section through the cylinder and valve-chest of a simple 
engine, naming all the jiarts shown. 

2. Sketch and describe a piston-rod stuffing-box. 

3. How is the motion of the piston of an engine communicated to its 
crank-shaft ? 

4. Why arc cross-head guides necessary? 

5. State the uses of (i) the drain-cocks, (2} the steam-jacket, of an 
engine cylinder. 

6. Describe briefly the action of a governor. 

7. Describe, with sketches, the action of a slide-valve in admitting 
steam to an engine cylinder and allowing it to escape. 

8. How are the slide-valve and piston lubricated? 

9. How is the motion of the slide-valve produced ? 

la Describe dearly, with sketches, the working of any single 
cylinder, direct acting, non-condensing engine with dide-valve and 
eccentric. (S. and A. 1897.) 

11. Define 

12. A locomotive and train weighing 200 tons ascend an incline of 1 
in 350 for 2,000 yards. Find the work done against gravity. 

(The distance actually moved against gravity is 2,000 x fk ynnls. ) 

13. Find the work a tug does, per minute, in towing a vessel at a 
speed of 4 knots, when the tension in the hawser is 600 lbs. 

(1 knots6,o8o feet per hour.) 

14. In what units do we measure the rate at which work is done, and 
how are they derived ? 

15. Find the effective horse-power required to raise 1,000 cubic feet 
of water 50 feet in one hour. 

(1 cubic foot of water weighs 62*3 lbs.) 

id. Find the horse-power required to tow the vessel referred to in 
question 13. 

17. A man weighing 150 lbs. climbs Ben Nevi8(4,400 feet high) in i) 
hours from sea level ; at what horse-power does he work ? 

18. A laundi engine has a cylinder 6 inches in diameter. The mean 
effective pressure u 40 lbs. per square inch. Find the total effective 
pressure on the piston and the wont done per stroke of 9 inches. 
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19. Find the horse-power of the above engine when making 440 
strokes per minute. 

20. A steam-engine has a steam cylinder of 20 inches in diameter, 
the crank measures 18 inches from the centre of crank-shaft to centre of 
crank-pin, the engine runs at 85 revolutions per minute, and the mean 
elTective pressure of steam on the piston is 28 lbs. per square inch. 
Find the indicated horse-power of the engine. (S. and A. 1896.) 

(The stroke is twice the length of the crank.) 

21. The two cylinders of a locomotive are each 17 inches in diameter, 
the length of each crank is 12 inches, the mean effective steam pressure 
is 80 lbs. per square incli, and the driving-wheel of the locomotive 
makes 1 10 revolutions per minute ; under these conditions, what is the 
H.P. of the engine? (S. and A. 1899.) 

22. A winding engine indjpates 90 11 . P. when it is raising a weight 
of 3 tons at a uniform rale 01 300 feet per minute ; find what fraction of 
tills power is lost in friction. 

23. An engine piston is 12 inches in diameter and its stroke is 18 
inches ; find the number of strokes it must make per minute for the 
engine to develop 20 1 .H.P. when the mean effective pressure is 22 lbs. 
per square inch. 

24. Find the mean effective pressure on an engine piston 6 inches 
diameter and 10 inches stroke, when 8 £. 11 . P. is being developed at 
110 revolutions, (1) neglecting friction, and (2) assuming a mechanical 
efficienqr *85. 



CHAPTER 11. 


ACi'lON OiT STEAM IN AN ENGINE. 

5. EzpaiulioiL of Steam. — understand the action of 
steam in driving the piston of an engine from end to end 
of the cylinder, it will be simplest in the first place to 
consider a special case where the admission and escape of 
the steam are regulated by hand and not by a slide-valve 
as described in Chapter I. 

Fig. i 8 represents the cylinder of such an engine with its 
piston, piston-rod and gland, bu^ instead of two steam- 
ports, there are four cocks A^B^O^D in the cylinder covers. 
Of these^ A and B admit steam from the boiler, 0 and D 
allow it to escape into the air. Q and 6' are pressure gauges 
to indicate the pressure on the left and right sides of the 
piston. 



Fig. lE— Cylinder with four separate cocks for distributing the steam. 

It will make the work dearer to assume that steam is 
supplied from a boiler at some definite pressure^ sajr 45 lbs. 
per square inch above the atmospheric pressure. Since the 
{Itmosphere exerts a pressure of about 15 lbs. per square 
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inch, the steam pressure is really (45 + 15) lbs. above zero, 
or 60 lbs. per square inch absolute^ as it is called. 

147 lbs. is the true mean value of the atmospheric pressure. It 
varies as much as half a pound above and below this mean ; thus it is 
often 15 lbs., so we take that figure here for simplicity. 

The piston is shown at the left-hand end of the cylinder. 
If coclu A and D are o^iened, the pressure on the right of 
the piston will be that of the atmosphere^ 15 lbs. per square 
inch absolute. That on the left of the piston is 60 lbs. per 
square inch absolute. There is, therefore, 45 lbs. more 
pressure on every square inch of the piston on the left-hand 
side than on the right 

If we take — *,• 

A =area of piston in square inches. 

/. — stroke of piston in feet (i.f. the distance it can 
move within the cylinder). 

The total effective pressure on the piston 

« (60- is) ^=“45^ lbs- 

If cocks A and D are kept open, this pressure will move 
the piston to the right-hand end of the cylinder. The work 
the steam will do in driving it there is — 

Total effective pressure x length of stroke » 45 ^ /. ft. lbs. 

To do this work 

L cubic feet of steam 
Z44 

have been removed from the boiler and will be dischaiged 
into the air on the return stroke. 

As gauges are only made to zecord {pressures above that of the atmo- 
sphere, Q will read 45, and O' a Owing to this custom, it is usual to 
imer to pressures measured above atmospheric pressure as “/fwjmw 
lygaugi^ to distinguish them from **absohtte prgssures” 

Let us now see what happens if cock A is closed when 
the piston has traversed on^fourth of its stroke. In this 
case only 1 as much steam will be removed from the boiler 
into die c^inder.* 

When cock A is dosed, there is still sn excess of pressure 
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amounting to 45 lbs. per square inch on the left side of the 
piston. The latter will therefore continue moving to the 
right; but, instead of fresh steam from the boiler coming 
to occupy the space left behind it, this space has to 
be filled by the steam already in the cylinder. As this 
steam expands, its pressure falls. When the piston is at 
half-stroke, the gauge 6 will be found to read about 15, at 
f stroke it will read about 5, and at the end of the stroke 
it will read o. 

We must now find a law connecting these pressures with 
the corresponding volumes. 

Adding 15 to each of the gauge readings, we get the 
absolute pressures 30, 20 and 15. 

Vol. of steam at 1 stroke = 1 A £, pressure ==60 lbs. absolute. 


•1 

II 

J II 2 ^ ^1 II 

= 30 I. 

If 

II 

u 

T 11 “ 3 ^ ^1 II 

= 20 „ 

II 

II 

II 

full „ ^ A L, „ 

“IS I. 

II 


Now ^AL x6o = JXZ.X3o = f^i x 20 ^ A L x 15 
from which we deduce the following rule — 

^ P and V are the absolute pressure and volume of the 
steam admitted to the ^linder at the commencement of expan 
sion^ and its absolute pressure and volume at any other 
print on the stroke^ 

PJ^^PY. 

The conditions under which steam expands in an engine are extremely 
complex, partial condensation and ie<«vaporation occur as well as great 
(Ganges in temperature, so that no existiim formula will give results in 
complete accordance with observation, and^the above simple rule is as 
useful as any. 

6. Boyle’s Law. — When a gas like air or coal gas, which 
doe^ not readily liquefy, expands or is compressed and its 
temperature is not allowed to change, the product of its 
pressure and volume does remain almost exactly constant. 

Robert Boyle discovered this fact in 1662, so it is usually 
referred to as Boylds Law. In words it may te stated thus — 

Boyle’s Law i — The volume of a given mass of gas varies 
inversely as the absolute pressure^ provided the temperature is 
kept constant. 



ACTION OF STEAM IN AN ENGINE. 


33 


This law may be proved experimentally with the simple apparatus 
shown in Fig. 19. This consists of two large glass tubes, one long, and 
the other short, mounted on each side of a scale and connected by an 
indiarubber pipe. The short tube is fixed, but the long one can bu 
moved up and down. Mercury is poured into these 
till it stands opposite tlie zero mark, and then the 
short pipe is closed with an air-tight plug. A column { 1 

of air, say 10 inches high, and at atmospheric pressure, i j 

is thus enclosed. Now the pressure of the atmosphere j j 

.is measured, in the barometer, by a column of mercury 
about 30 inclies high, so that if the long tube be raised If 

till the mercury in it stands at a height of 30 inches = I 

above that in the short tube, the air will evidently be ^1 

subject to twice the atmospheric pressure, and it will n a | 

be found that it only fills 5 inches of the tube. Its ■ '^1 

volume has, therefore, been recced by one half. K -d. H 

The levels of the liquid in this case are indicated by p ^ E 

dotted lines. H - I 

Similarly, to double the volume of the g.is, the E ^ I 

pressure on it must be halved, or the long tube must Mr! 
be lowered till the meicur^ in it stands at half the I ^ | 

barometric height, or 15 inches below that in the I | 

short tube. J | 

The experiment must be performed slowly, for the / | 

air is heated 1^ compression and requires time to cool / / 1^ 

down to its original temperature. / / I 

7. Work done during eiq^amion.— For / / I 
the steam-engine the equation Pj «= P K I i 

is best stated in another form. ^ 

Let the steam supply be cut oflf at a fraction xo.-Appara- 
r of the stroke, and let be any greater 
fraction — Uw.”" 

Then Y = A r L 
Let Yi^ A r^L 
Then A r^L ^ P A r L 


Or Pi - P r. 

To show the use of this rule we may calculate by it the 
pressure at ^ of the stroke— *• 

- 60, r - i, rj - J 
Pli^ 60 

P^ a i 8 | lbs. per sq. in. absolute. 

The reading on the gauge will 

18} - 15 - 3} 
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The above results may be represented graphically on a 
sheet of squared paper thus Set off a length ^0, say 4 
inches long (see Fig. 20), to represent the stroke 4 ., and take 
each division vertically to mean, say, 2 lbs. pressure per 
square inch. If then we draw AO ^ inches long, it will 
represent the absolute pressure on the left side of the 
piston which remains constant for the first quarter of the 
stroke. To show this draw CD horizontal. Mark off by 
the points £, £, 0 , H the pressures calculated at }, and 
the end of the stroke, and draw in by hand a curve, as 
shown. Since the pressure falls continuously from D to H, 
its value at any point other than those already considered 
will be given approximalely by the height of this curve above 
^0 at that point For example, the pressure at f of the 
stroke is represented by 12 divisions, and is therefore 24 lbs. 
per sq. in. absolute. 

The above expansion curve may be found by a purel) 
geometrical method if the stroke and point of cut-off be 
known. 

In Fig. 21, AB represents the 
stroke, a the point at which 
steam is cut off, and AO the 
absolute pressure. Complete 
the rectangles ABIC and AKDC. 

Then D is one point on the q 
curve and 

AK^V 
KD^P 



Construction. 

Take any point L on Dl and join it to ^ by a line cutting 
DK inM. 

Draw OMN and LNQ parallel to AB and AO. Their 
intersection N is another point on the curve. 

To prove this We must show that 

AQ X QN or V^^AK x KDoiPV. 
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Proof. 

Triangle ACL ~ triangle AQL . . i 

„ ACM ^ AKU . 2 

„ MDL ^ MNL . . 3 

Subtracting 2 and 3 from i 

Rectangle OODM » rectangle KMNQ. 

Adding rectangle AOMK to each of these we have 

Rectangle ACDK » rectangle 
but area ACDK ^ AK x KD 
and area AONQ AQ x QN 
AQ X QN ^ AK X KD. 


Any number of other points may be found similarly. 

The 'geometrical name of the curve found thus is the 

Ayperdold.*’ 

Two ways have now been given of obtaining the absolute 
pressure on the left side of the piston for every ]:)oint of the 
stroke. If a line RH is drawn (Fig. 20) 7^ divisions above 
AB, it will represent the atmospheric or “ back ” pressure on 
the light side of the piston, and the distance between RH 
and CuH will indicate the effective pressure. 


If we divide the 
area into a great 
number of very 
narrow stripsi the 
mean height of each 
strip represents the 
mean effective pres- 
sure on the piston 
while it is moving 
through a distance 
" corresponding to the 
breadth of the strip. 

But the work done on the piston is proportional to the mean 
pressure multiplied by the distance moved, i. e. it is propor- 
tional to the mean height of the strip multiplied by its 
breadth, or to the area of the strip. 

Since, therefore, the area of each strip is proportional to 
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the work done on the piston while it is traversing the 
corresponding portion of its stroke^ the total area of the 
diagram RODH represents the total work done on the 
piston during the whole stroke. 

This area may be found by rule 4 in the Introduction, or 
with a planimeter, or by adding up the number of squares 
include by it. If it be divided by the length of the 
diagram, the quotient will be the mean height of the 
diagram, or the height of a rectangle (shown in Fig. 22) of the 
same length and area. This height represents the constant 
pressure on the piston, acting throughout the stroke, which 
would be required to ,jlo the same amount of work. The 
latter is called the Wan effective pressure^ and is the 
quantity referred to in Chapter I, page 24, as being used in 
calculating the indicated horse-power of an engine^* 

As stat^ in the Introduction, it is sufficiently accurate to 
take 10 ordinates in measuring areas of this form. The 
rule for finding the mean effective pressure from a diagram 
will then read thus — 

Divide the len^h into ii parts^ making the two end 
divisions half the size of the rest^ and measure the height at 
each of the points found. The sum of these heights^ divided 
hy 10^ gives the mean height of the diagra/^ and is pre^rtional 
to the mean effective pressure. 

On page 31 it was shown, that when steam was admitted 
during the whole stroke, the work done was 45 ^ Z. ft. lbs. 
Now let us see how much work can be done by admitting ^ 
the quantity of steam, and allowing it to expand. The 
pressures represented by the xo oidinates in Fig. 22 are 
4S» 45 » 4Sf 27'9i 18 3, 12-3, 8*1, 5 0, 2 6, 0 8; their mean 
value is 21, Therefore the work the steam will do per 
stroke is 

21 >1 £ ft. lbs. 

Thus, though only ^ as much steam is used it does 
21 ^ 4 . ^£1 

aTTL 45 

or neariy half aa much work. la other words we get nearly 
twice aa mu^ work out of each pound of steam ua^ 
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This shows plainly the economy of expansive working. 

In the first case the steam escaped at a high pressure. 
In the second case it was made to do as much work as 
possible by expanding it till its pressure fell as low as the 
back pressure. If the back pressure could be reduced 
below 15 lbs. per square inch, we should either get a 
higher mean effective pressure, or we could use less steam, 
and expand it in a greater ratio, getting still more work 
per pound out of it. This is what " is actually done in 
condensing engines, as will be shown in Chapter XL 

8. Effects of Clearance and Wire>drawing. — So far in 

this chapter a specially con 
structed engine has been dealt 
with. We must now compare 
this with the common form, 
and see what modifications the 
differences between the two will 
introduce into our results. 

On looking at Fig. 33, which 
is a section through an ordinary 
engine cylinder, we see that 
there is a considerable sj^ce 
between the piston, when it is 
at the end of its stroke, and 
the slide-valve. This space is 
called the clearance volume^ or simply the clearance. It is 
indicated by horizontal shading in the figure. It varies from 
0*08 of A L (or the volume swept out by the piston) in laige . 
engines to 0*15 in small ones. 

The clearance volume has to be filled with steam every 
stroke, and as this steam expands along with that in the 
cylinder, the pressure falls more slowly than in our special 
engine. 

To save the waste which would occur if this space had to 
be filled with fresh steam every stroke^ it is usual to stop 
the escape of steam a little before the end of the {previous 
stroke, so that the piston may compress what remains into 
the clearance. 
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Another difference is that the slide-valve opens and 
closes the steam-ports slowly, compared with the rate at 
which the piston moves. The steam cannot at these times 
get through the opening fast enough to maintain the same 
pressure in the cylinder, as in the valve-chest. It is then 
said to be ** wire-drawn To insure full pressure at 
the beginning of the stroke, the valve is made to com- 
mence admitting steam a little early, the breadth of steam- 
port which is uncovered at the beginning of the stroke 
being called the 



To prevent increased back pressure at the beginning of 
the return stroke, steam is allowed to escape before the 
piston reaches the end of the cylinder. 

Wire-drawing occurs also when the steam supply is cut 
off, and there it cannot be reduced in engines fitted with 
the simple slide-valve. 

The effects of wire-drawing, early relea^ and compres- 
sion, are well illustrated at A, S, and 0 in Fig. 24, which is a 
diagram showing the variation in pressure at one end of die 
cylinder of a rem engine. Wire-^wing is prevented at D 
by the lead. » 

9 . The Indicator. — ^The above diagram (Fig. 24) was 
taken with an indicator^ an instrument which has bMn re- 
ferred to previously, and which must now be described in 
detail. A Crosby indicator (one of the best on the market) 
is shown in Fi^.*2(;, and the method of attaching this to a 
horizontal engine, in Fig. 26. 
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Fko. «s.»CrMby •team-engine indicator. 


A ss Cylinder. 

N = Piiton. 

0 s Piston-rod. 

D a Spring, 
f a Paraltel motion. 

F a Handle for moving pencil. 

Q a PencQ. 
a Dram. 

/ a Clips for paper. 

C/aStnng. 

K a Guide puU^ 

£ a Lengthening slide for string. 

M a Nut with ri^t and left-hawi screw thread for attadiing indicator 
to engine. 
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The paper on which the diagram is to be drawn is 
wrapped round a drum H9 and held in place by the clips 
/. The drum is then made to turn backwards and forwards 
with a motion exactly proportional to that of the engine 
piston, and the -pencil, which is lightly pressed against the 
paper, is made to rise to a height representing the pressure 
of steam in the engine cylinder. 



Fig. a6.<»Method oTfixiiig indioitor on a horuootal engina. 


P = Engine cylinder. 

W =s Cross-head. 

0, O' B Indicator cocks. 

Q, R, 8^ Links for obtaining rednced copy of motion of piston. 

T = Indicator ooid. 

The motion of the drum » obtained as follows : — A sh(M 
link Qt ^6, is coupled to the end of the crossbead {w 
and to the long pendulum link R. An arm 8 is clamped 
near the top of ff. 5 has a looped string attadied to it, on 
to which the short indicator cord may be hooked. 

If the string is at r%^ angles, at half stroke^ to a line 
j oining its upper extremity with the pivot of R, its motion 
will b« an aliQost exact vmuc^ co|>y of that of the croa^ 
head, and thnefore of the engine piston. It will transmit 
this motion to tte dnun round wh»^ it passes. 
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The length of the string may, if necessary, be adjusted by 
the sliding plate L (Fig. 25). 

The drum contains a spring which is wound up on the 
out stroke, and so keeps the string tight on the return 
stroke. The cord used must be as inelastic as possible, 
even a small amount of stretching in it will cause the drum 
to lag behind its proper position on the out stroke (when 
the tension is greatest) more than on the return stroke, 
and so will reduce the size of the diagram drawn. 

The pencil Q moves vertically, its motion being an en- 
larged copy of that of the piston 8, to which it is connected 
through the links £, £. 

The piston B works in the small cylinder A, which is con- 
nected with either end of the engine cylinder by screwing 
the right and left-handed nut M on to one or other of the 
cocks 0 , (y. These are three-way cocks. When they are 
turned in one direction A is in connection with the atmo- 
sphere, and when they are turned in the other direction it 
is connected with the engine cylinder. In the latter case 
the pressure on the indicator piston is obviously the same 
as t^t on the engine piston. 

Cocks 0 and O' are often connected by a pipe to which the indicator 
is fixed. This saves trouble, but it is a bad arrangement, as there is a 
loss of pressure in the pipe, due to condensation and wire-drawing. 

The spring D is clamped to the piston at one end and 
fixed to the cylinder cover at the o^er. It is compressed 
by the pressure of the steam, and allows the piston, and 
therefore the pencil, to rise. 

Different springs may be put in for different pressures. 
They are tested by the makers and marked with a fraction. 
Thus, if a spring is stamped it means that it will allow 
the pencil to rise of an inch for every pound pressure 
per square inch on the piston. 

The upper end of the cylinder has some holes in it, to 
allow air and any leakage of steam to escape. 

The pencil may be pressed lightly against the pap^ by 
turning the whole link work round the top of the cylinder 
by the handle F. 

The piston, spring, and other moving parts, are all very 
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light, otherwise the sudden variations of steam pressure 
would set them vibrating in such away that the pencil would 
draw^ wavy lines instead of smooth ones. There is an in- 
dication of such vibrations at 0 , Fig. 24. If there is too 
much friction, these parts will move jerkily. 

An indicator diagram shows the pressure on one side of 
the piston only, t\€. it shows the forward pressure on one 
stroke, and the back pressure on the next. To get the 
effective pressure at any point we must take the forward 
pressure from a diagram taken at one end of the cylinder, 
and^ the back pressure from one taken at the other. For 
finding the horse-power, however, all we want to learn from 
the indicator is the mean effective pressure throughout both 
the out and the in strokes, and that is given just as ac- 
curately by taking the mean height of the diagrams for these 
strokes as they are drawn, as by taking the mean of the 
real effective pressures measured from the upper line in one 
diagram to the lower line in the other. 


JSx. /.—The stroke of an engine is 10 inches. If steam is supplied 
to it at 30 pounds by gauge, find when it must be cut off to obtain a 
pressure of 5 pounds at the end of the stroke. 


r' 5= 10 

F' = 5 + 15 = 20 
P =30+15 = 45 

but P r = P, ^ 
or r = 

.*. r ss 4*44 inches. 

Steam must be cut off at 4*44 inches of the stroke. 


£x. F. — An engine with a piston 12 inches in diameter and 18 inches 
stroke, was working at 100 revolutions per minute. Indicator dianams 
were taken with a ^ spring, and their mean heights were 1*24 and i *32 
indies. What “ indicated horse-power ** was the engine developing? 

Mean height of the two diagrams » ^ } 3 ? , „ 

.*. Mean effective pressure ss 1*28 x 40 pounds per souare inch. 

Total mean effective pressure » 144 x 7854 x 1*28 x 40 pounds. 

Distance travelled 1 ^ piston per minute a ik x 2 x 100 feet 

*• Work done per minute 

a 144 X 7SJ4 X 1*28 X 40 X z| X 2 X loofoot pounds. 

I.H.P. a 144 X 7854 X 1-28 X 40 X ij X a X W 
33.000 


a 68*6. 
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9a. Indicator for High Speed Enginea— -With tlw 
growtli in the speed of engines which has taken place in 
recent years the moving parts of the indicator have had 
to be made lighter. With a slow speed engine the pointer 
of Fig. 25 can accurately follow the variations of steam 
prcfssiire; but the more rapid these variations become the 
greater is tlie error iuti'oduced by the inertia of the moving 
parts. The pointer indications lag always a little behind 
the pressure. 

Consider a sudden rise of pressure as with an explosion. 
It takes a little time for the pointer to respond and the 
diagram will show the explosion not quite in its true 
phice, but a Uttlo delayed. When the pointer docs move, 
however, in response to the explosion pressure, it moves 
rapidly, and it does not stop when it reaches the real in- 
dication of the pressure, but overshoots the mark. 

The total area of the diagram is not much altered by this 
action, but for study of what is actually taking place in 
the cylinder the weight of the moving parts must bo 
reduc^ to a minimum. The piston weight is not so 
serious as the pointer weight, and for this reason the pointer 
is abolished in some indicators and a beam of light used 
instead. 

\ Fig. 26a is a simplified diagram of an indicator of this 
type, the Hopkinson Flashlight Indicator. On the right 
hand is a side view of the springs, mirror and spindle. A 
number of details are omitt^, in order that the action may 
be made clear. 

The block C is screwed into the cylinder and the pipe H 
brings the pressure to the piston P, The motion of the 
piston is transmitted to a stiff spring S, and from this by 
a fine spring V to the lever arm M. This arm rocks a 
small mirror R mounted on a spindle /. A small beam of 
light falls on R and is reflected on to a ground glass screen 
or a photographic plate. This reflected beam is the pointer, 
and, as the mirror rocks, the spot where the beam strikes 
the screen moves up and down. This movement of the 
spot indicates the pressure dianges in the cylinder, in the 
same way as the end of the pointer indicates them in the 
indicator shown in Fig. 25. 
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In Fig. 25 the paper moves horizontally with the engine 
piston movement but in the Flashlight Indicator the 
screen is fixed and the necessary horizontal movement is 
provided by rotating the block D (with the piston, supports, 
and mirror) about (7. Ball barings and springs (not 
shown) are provided to make this movement free, and a 
rod screwed into D is connected with an indicator cord 
fitted up similarly to that shown in Fig. 2G. 



We thus get two movements, the vertical movement of 
the spot of light on the screen lowing the pressure in the 
cylinder, and the horizontal movement showing the move- 
ment of the engine piston, and a curve is drawn by the 
spot. This efirve is me in^cator diagram. 

If the scieen is a photographic plate we get a pennanent 


4i ACTION OF STKAM IN AN KNOINB. 

record. If tlio screen is ground glass and the engine speed 
is sufficiently liigh (not less than 200 revs, per min.), we 
see the diagram on the screen and can either observe its 
changes or sketch it in with a pencil as required. 


Examplrs it. 

1. State Boyle’s law, pointing out carefully the conditions under which 
it is true. 

2. Describe an experiment for demonstrating Boyle’s law. 

3. Why is the rule, PV ss constant, not exactly true for steam, when 
expanding in an engine? 

4. Two engines working at the same speed are supplied with steam 
at 40 pounds pressure per square inch, gauge. Their cylinders are 
^ inches and 12 inches in diameter, the stroke in each case being 18 
inches. In the smaller engine steam is admitted during the whole 
stroke, and in the larger for half the stroke only. Whiem engine (a) 
does the more work, Q) uses the most steam ? 

5. Calculate the final pressure in an engine cylinder, when steam i« 
admitted at 40 pounds pressure per square inch, absolute, and cut ofi 
at I of the stroke. 

6. Draw the expansion curve for the above case geometrically. 

7. If, in example 5, the steam is allowed to escape at 18 pounds 
pressure (absolute), find the mean effective pressure on the piston. 

8. If steam is surolied to an engine at 85 pounds pressure by gauge 
and cut off at i of me stroke, calculate the pressure at f , |, f, and the 
end of the stroke. 

9. Plot the expansion curve in example 8 on squared paper. 

la What is the rule for finding the mean height of an indicator 
diagram by ordinates? How is the rule deduced ? 

11. What ia meant by clearance, and what are its effects? 

12. Explain the term wiredrawing^ What steps are taken to 
avoid it in engines fitted with a simple slide-valve ? 

13. Given a pair of indicator diagiams, what other data do you 
require to determine the indicated horse-power of an engine? 
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14. The lengths of the ordinates of a pair of indicator diagrams taken 
with a ^ spring were as follows— 


Front end. 

Back end. 

•14 

74 

•19 

1*07 

■26 

1-07 

*34 

1*01 

•50 

•8s 

•72 

•59 

•97 

■42 

ro8 

■33 

109 

‘22 

IIO 

•16 


The stroke of the piston wi;is 18 inches, and its diameter 12 inches. 
The shaft was making 90 revolutions per minute. At what horse-power 
was the engine working? 

15. Show, by means of a sketch, the method of fixing an indicator 
to a horizontal engine. 

16. The diameter of the cylinder of an engine is 30 inches and the 
stroke o( the piston is 4 feet. If steam is admitted at an absolute 
uressuie of 70 pounds per square inch, and is cut off when the piston 
has travelled one foot, what would be the total pressure on the piston 
at the point of cut-off, and also when the piston has travelled 2 feet, 
3 feet and 4 feet respectively? 

Take the simplest law of expansion. 

Why is it economical to cut off steam before the end of the stroke ? 
(S. and A. 1897.) 

17. Steam enters a cylinder at 180 pounds pressure per square inch 
(ab^lute), is cut off at one-third of the stroke, and ex^nds according 
to the law " P If = constant’* Find the avenge pressure absolute daring 
the forward stroke, neglecting clearance. If tne bade pressure is 17 
pounds (absolute) per souare inch, what is the averse effective 
pressure? If the area of the cross section of the cylinder is 112 square 
inches, and the stroke is 24 inches, what work is done in one stroke ? 
(S. and A. 190a) 

18. Find, by the method shown in Fig. 22, the mean pressure repre- 
sented by the diagram in Fig. 24. The latter vras taken from an engine 
with a piston xj) inches diameter and 18 inches stroke. Find the 
pressure of the steam supplied to this engine and the work done per 
stroke. ^ 

19. Describe an indicator, and how it is attached to a steam-engine. 
Sketdi the sort of diagram obtained. Show how the horse-power is 
d^late^. (S. andiA. 1898.) 



CHAPTER III. 


MATERIALS USED BY ENGINEERS. THE PARTS OF AN ENGINE 
CONSIDERED IN DETAIL. 

10 . Iron and Steel. — material most used in engine 
building and also in boiler making is iron, cither pure or 
combined with small quantities of carbon and other elements. 

Iron can be produced in forms which differ widely from 
one another in their properties, and which arc, therefore, 
suited for a large variety of purposes. Thus, cast iron can 
be melted and run into moulds, but it is brittle and will not 
withstand shocks, while wrought iron becomes soft and 
pliable, but not fluid, when hot and can be rolled into bars 
which, even cold, will bend double without breaking. 

The great drawback to the use of iron, in any form, is 
that it corrodes in moist air, forming a red oxide, or rust 
which scales ofl*, leaving a rough surface. 

Minerals containing a large proportion of iron are found 
in different parts of Great Britain, America, Germany, 
Sweden, and Spain. These are heated to a very high tempera- 
ture, with coke, in a blast furnace, a certain amount of lime 
being added to assist in the fusion and chemical decompo- 
sition which takes place. The metal is separated and collects 
as a liquid at the bottom of the furnace, whence it can be 
run off through a small hole and cast into bars called " pigs.'* 
These are either used at once as cast iron, or are con- 
verted into WROUGHT iron and steel. 

(a) Cast Iron varies in quality according to the ore from 
whi^ it is made. Its strength is increased by remelting it 
once or twice before use. 

As employed by (engineers, it is a gre3rish metal, snowing a 
close crystalline fracture when broken. It contains 3 to 
4 per cent, of carbon, but only about ^ of this is actually 
combined with the iron. The remainder is merely dissolved 
in it. 
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It melts readily at high temperatures. The more uncom- 
bined carbon it contains, the thinner is the resultant liquid. 
There is, however, a corresi)onding loss of strength in the 
solid iron. 

The first step in making a casting, is to prepare, with the 
aid of a wooden pattern, a mould in foundry sand, or loam, 
of the exact form required. Into this the molten metal is 
pouredv care being taken that the air can escape freely, and 
that no scum can collect in any part. 

The design should be such that the iron will cool at the 
same rate throughout, for in cooling it contracts, and any 
part contracting after the rest is hard, will tend to crack off. 

Among the larger parts^^of an engine which are made of 
cast iron, are the frame, cylinder, cylinder covers, slide- 
valve, piston, and fly-wheel. 

(b) Wrought Iron is made from cast iron, by removing 
the carbon. In the process of manufacture, it is repeatedly 
rolled into bars, which are cut into lengths, piled cross- 
wise, heated, and rolled again, so that it becomes tough and 
fibrous. 

It can be welded at a white heat^ and is therefore suitable 
for making complicated forgings. 

It is used for connecting-rods^ piston-rods, eccentric-rods^ 
etc., and also for bolts and nuts. 

{c) Steel is pure iron, combined with a very small 
quantity (} per cent.) of carbon, but containing no carbon in 
solution. It can be rolled into bars or rails, and is at once 
stronger and more ductile than wrought iron. It can also 
be cast in moulds, but it contracts much more than cast iron 
in cooling. 

It is used for boiler plat^ rivets, shafting, etc., and often 
replaces wrought iron for piston, valve, and connecting-rods. 
Laige pistons, cross-heads, and eccentrics are sometimes 
steel castingsL 

Steel containing more than ) per cent, of carbon is manufactured. 
It is veiy strong and possesses the property of becoming extremely hard, 
but brittle, when heated to redness and plunged intowater. This makes 
it invaluable for cutting tools, but prevents ns use in boiler-work. 

Small quantities of ni^el, manganese, or aluminium are often added 
to steel to increase its strength and toughness. 
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11. Other metals. — Besides iron, the engineer uses copper, 
bronze, brass, and white metal, but all these are much more 
ex]^nsive. 

(a) Copper is a reddish metal, soft and ductile when 
pure! It is used for making pipes, and also, since it is a 
good conductor of heat, for the fire-boxes of locomotives. 

(S) Bronze is the general name applied to mixtures of 
from So to 90 per cent, of copper, with tin, and a small 
proportion of zinc, manganese, aluminium, or phosphorus. 
These alloys are as strong as steel. They can be cast or 
rolled, and, as they corrode but little, they are largely used at 
sea for pumps, propeller blades, etc. 

(r) Brass is composed of two parts of copper and one of 
.dnc. It is not very strong, but is easily worked, takes a 
good surface, and does not corrode. It is therefore used 
for lining glands, for shaft bearings, and for small castings 
generally. 

(d) metal consists principally of tin, mixed with 

copper and antimony. It melts easily, is veiy soft, and takes 
a smooth surface. It is used for lining the working parts of an 
engine, such as the bearings and cross-head, to reduce friction. 

12. Xhe strength of metals and alloys.— The following 
table of loads considered safe in engine and boiler work, 
when no allowance has to be made for bending and 
other secondary stresses, will give the reader an idea of the 
relative strength of the above metals — 


Materid. 

Safe working ttren in ponnda per 
■quaraincli. 

Tendon. 


Cast iron .... 

3,000 

10,000 

Wronght iron 

5,000 

8,000 

Mild steel .... 

10^000 

10,000 

Cast steel .... 

16,000 

16,000 

Copper 

a, 500 

a,50o 

Bronie 

10,000 

10,000 

Brass 

a, 500 

a»Soo 
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13 . Engine FrameA — Having considered the materials 
of which engines are built, we must now discuss their 
various parts in detail, beginning with the Frame ^see f , Figs. 
13, 14, and 15). This may be made of one piece of cast 
iron, or constructed with sections of rolled steel. 

In stationary engines, it rests on a brick or concrete 
foundation, while in marine engines it is bolted to a special 
framework built into the ship. 

It must be rigid, and not liable to become distorted 
under any forces that may act upon it 

One end supports the crank-shaft, either wholly, with two 
bearings, or in part, aS shown in Fig. 14. — ^I'he latter design 
necessitates a pillow b|pok on a separate foundation, and 
this may get out of line and cause trouble. — ^The other end 
is formed into a cylinder cover, or simply a flange, to which 
the cylinder is bolted. 

Part of the frame is usually made to serve as cross-head 
guides, but these may be separate bars, r, 2, or 4 in number, 
held in place by lugs cast onto the cylinder cover, and by 
an open bracket The latter arrangement is used in loco- 
motives. 

The frame in Fig. 13 is hollow like an inverted trough, 
the iron being three-quarters of an inch thick. There is a 
broad flange round the bottom, upon which the frame rests, 
and three lugs are formed on each side^ for the foundation 
bolt& The metal is carried up at each side to support the 
cylinder cover, which has to bear the whole weight of the 
cylinder, as well as the steam pressure. 

Fig. 27 shows another design of frame used for huge 
horizontal engines. Here the cylinder rests directly on the 
foundations, and supports the frame. The forces which the 
latter has to withstand are therefore-^ 

X. Bending due to its own weight 

2. Bending due to the pressure on the guides. 

3. Tension and compression caused by transmitting the 
force on the piston to the crank. 

The ri|^ht-hand ^rt is box-shap^, having a rectangular 
cross-section. The left-hand part is cylindrical, and open 
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at the front and end. The interior of the latter forms a 
double cross-head guide. 

In most vertical engines the cylinder is held in places on 
one side by a cast-iron column (see Fig. 28), and on the 
other by a steel strut. In this arrangement all the working 
parts are easily accessible. 

Since the strut has to withstand both tension and com- 
pression! it must be fixed with large nuts, with bolts passing 
through a broad flange, or with cotters (as described in 
connection with the cross-head.) 



14. The Cylinder and Valve-Ohest— These together 
form a single casting; in making which the best iron obtain- 
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able is used. A longitudinal section through both is given 
in Fig. 14, and a perspective sketch, including a cross- 
section, is shown in Fig. 29. Further details of the valve- 
chest can be seen in Fig. 15. The same reference letters 
are used in all the above diagrams (for other designs see 
Figs. 23, 105 and 114). 



Fic^ 99i-CroU'«ectioD of the cylinder shown in Slg. 14. 


The cylinder liner CL is made of cast iron, or cast steel. 
It is turned at the ends to a tight fit, and is forced into its 
place in the cylinder by a hydraulic press. In small engines 
the steam-jacket can be rendered perfectly steam-tight in 
this way. In large engines, one cover is usually cast with 
the cylinder; the liner then has a small internal flange, 
which is bolted to this cover, and the joint at the other end 
is made by driving a ring of copper into a groove prepared 
for it. 

The extremities of the cylinder barrel (or the liner where 
one is used) are bored out rather larger than the rest. This 
chamfering begins at a point just reached by the piston. 
It prevents a ridge being left Aere when the remainder of 
the cylinder has become worn. The covers (see Fig. 14) 
■are made to conform as nearly as possible to the two sides 
of the piston, to reduce the clearance. Sometimes they are 
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hollow, and form additional steam jackets. They are 
recessed opposite the port openings, to leave a free passage 
for the steam. 

The uses of the steam and exhaust ports have been stated 
in Chapter 1 . These passages are rectangular in cross- 
section (see Figs. 15 and 29). In elevation (see Fig. 14) they 
are curved in such a manner as to open at right angles to 
the face on which the slide-valve works, thus avoiding 
sharp edges. 

The form of the valve-chest is of no great importance, 
but its cover must be large enough to admit the valve. 

It is veiy difficalt for a b^inner to realize from drawings the exact 
shape of this complicated ci&ting. He must examine an actual cylinder 
for himself, by pacing wires through the ports to determine their shape, 
and measuring the thickness of the metal, where possible. 

It is important to notice how uniform the latter is. If it were not so 
the thinner portions would solidify first in the mould, and the thicker 
parts, in cooling and contracting afterwards, might break away from 
these. 

It is an excellent exercise to measure the clearance volume of such a 
cylinder. 

16 . Stuffing-Boxei. — ^The object of these is, as previously 
mentioned, to prevent steam from escaping round the 
piston-rod and valve-rod. 

Fig. 30 shows two views of a piston-rod stuffing-box. G 
is a projection cast on the cylinder cover. G is the gland, 
made of cast iron, and lined with brass to reduce friction. 
Pressure is applied through this to the packing (not shown), 
by tightening the nuts /V, H. The second pair of nuts 
are then locked tight against the first pair, and hold them 
in their place upon the screw. 

Two studs are sufficient for adjusting small glands. In 
large ones, three or four studs are used, and the flange is 
made circular. 

6 is a brass bush which can readily be replaced when 
worn. 

Of the various forms of packing enumerated in Qiapter I, 
namely hemp, asbestosi and soft metal, the latter is the 
best, as it causes less friction and requires less aitentioo 
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than the others. It is inserted in the form of divided rings^ 
which are l^-shapcd and fit into one another. Small springs, 
or a few turns of hemp, are placed on the top of these 
rings to provide the necessary elasticit]r. 

The valve-rod gland is similar in design to Fig. 30, but, 
being smaller, it is made entirely of brass. 



Fig. ga— Piitoii-rod 

Fiff. 3QA shows a more elaborate arrangement of metallic packing 
suitable for large jnston-roda. This reduces friction to a minimum, aim 
will remain steam-tight for long periods. 

The inner (right hand) part is formed of three open rings of white 
metal. The outer part consists of two murs of blom ^ white met^ 
set in brass slides. Each part is mounted in loose independent carriers 
whidi are held pother by springs ; thus the gland does not constrain 
the piston-rod rigidly, but allows it a small amount (rf* lateral freedom 
to compensate for wear, for distortion due to expansion of Uie cylinder 
1^ hea^ and for slight errors in the original ali^ment of the engine. 
A lubriBator is provided at L, and a drain cock, to dispose of any 
accumulation of water, at D. 
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16. Ihe Piston and Piston-Bod. — piston is made of 
cast iron. One method of rendering it steam-tight has been 
described in Chapter I. A second method is shown in Fig. 
37 which is a section of a locomotive piston. 



Fig. 30A.— The "United States'* type of metallic packing. 


^ In the latter the two cast-iron rings /7 (called Ramsbottom 
rings) are themselves the springs. They are turned to a 
rather greater dia- 
meter than the 
cylinder in which 
they have to work, 
and are then cut 
BCtosSf and sprung 
into grooves on the 
piston. 

Hie total steam 

p^iue on hugfi rf. 

pistons IS veiygreat, 

and to withstand it they have to be made conical, or else 
box-shaped, with internal radial ribs. 




56 THE PARTS OF AN ENGINE CONSIDERED IN DETAIL. 

JSx. /. — Find the total force on the low-pressure piston of a triple 
expansion engine So inches in diameter, when the maximum eflectiTe 
preuttie is 20 lbs. per square inch. 

Area of piston = So^ x 7854 
= 5026 sq. ins. 

.' Total pressure on piston = 20 x 5026. 

3= 100,520 lbs. 

=3 45 tons nearly. 

Fig. 32 shows, partly in section and partly in elevation, 
the laige cast-steel piston of a marine engine (see also Fig. 
114). This material is much stronger, weight for weight, 
than cast iron. 



Fig. 3a. -*Caat-steel marine engine pistoa 


The three spring ” rings R are far too large to be simply 
"sprung” on. They must be got into place by removing 
the junk ring J and the two guide rings 6 , 

Tlie piston-rod has, of course, to support the same 
pressure as the piston. It has to be made of larger diameter 
than would at first appear necessary, to prevent it bending. 
Fig. 31 shows a common method of attaching the piston-rod 
to the piston, and one which allows of their being taken 
apart for re^irs. The rod is enlarged and fitted to a 
conical hole in the piston. Its end is turned down parallel, 
and threaded to take a large nut which holds it firmly in 
place, and is prevented from working loose by the split 
pin k. 

17 . The CroBB-nead and CrosB-head OnldeB.— -The cross- 
head may be forged on the end of the piston-rod (see Fig. 
34X or it may be a separate piece as shown in Fig: 13 
and, to a lamer scale, in Fig. 33. Here the end of the 
piston-rod PM is slightly coned, and enters a conical hole in 
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the cross-head, where it is held firmly in place by a tapered 
cotter 0 . 

A cast-iron shoe 8 is used to work on the face of the 
guide, as cast iron does not wear into grooves as would 
wrought iron or steel. 

The brass bush for the pin in the connecting-rod is in 
two parts, which can be adjusted for wear by a set screw. 

Fig. 34 shows a locomotive cross-head for four guide-bars. 
It is forked, and carries a steel pin on which the bush in 
the connecting-rod end turns. 

It is the oblique pressure of the connecting-rod that 
makes cross-head ^ides necessary. The shorter the rod, 
the greater will be its i^iclination, and, therefore, it is rarely 
made less than twice the piston-stroke in length. 

The pressure is in one direction only, as will be seen 
from Fig. 35, where the forces P, from the piston-rod, and 
0, from the connecting-rod, and their resultant P, are 
indicated in two positions. Thus, in marine engines, which 
have to be reversed for short periods only, a single guide 
(with cover-plates to give a slight support from the fron^ as 
in Fig. 33) is found to be sufficient; while in locomotives 
which run regularly at full power, in either direction, guides 
on both sides are the rule. 

The shoe of the cross-head is often lined with white metal, 
and, to insure thorough lubrication, grooves are cut in its 
face to distribute the oil. 

Under certain drenmstanoes, sneh as a sudden redaction of steam 
pressure, the forces shown in Fig. 33 might become reversed. Some 
si^gmrt for the cross-head is, therefore, always provided on the upper 

£x, A— In Eumple I, the piston-rod of the engine is 7^ inches in 
diameter. Find the force upon it per square inch. 

Area of rod a (7))* x 7854 

B ^'i8 tq. inches 
Total force on rod b 100^520 lbs. 

.*. Force on rod per square inch b 100,520 4 44*18 

« « s,275 lbs. per sq. inch. 

Non.— -TTiis stress is ta than th^ given in the table, which only 
applies to ban too diort to foil by bending. 
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18 . Aeeelmtion of Moving Fftrti of on Sngino. — ^Every one » 
familiar with the fact that force is required to change the velocity al 
which a body is moving, 'lliis law must be remembered in connection 
with the piston, piston-rod, and cross-head of an engine, as these have 
to be set m motion at the beginning, and checked at the end, of every 
stroke. 

The unit of force has been defined (p. an) as the weight of one 
pound. The unit of rate of change of velocity is a change of one foot 
per second in every second. Rate of change of velocity is called 
aeoeleration. 

If, for example, a locomotive changes its speed from 45 to 60 miles 
per hour in 10 seconds, its aeoeleration is — 


60-45 

10 

15 

10 X 60 X 60 


miles per hour per second. 


per second 


10 X 60 X 60 


or 2*2 feet per second per second. 

Now the force of gmvity has been experimentally proved to increase 
the velocity of any falling body by 32 feet per second per second 
(approximately). In other words^ a force of W lbs., say, acting upon 
a weight of W lbs. gives to the latter an acceleration of 32 feet per second 
per second. Therefore unit acceleration would be given to a weight of 
W lbs., by a force of ^ Hf lbs., or, speaking generally, the acceleration / 
given by a force P to a weight W is expressed by the formula 



Ex, j.^A piston weighing 400 lbs. has, at the commencement of its 
stroke, an acceleration 20 feet per second per second. Kind the total 
steam pressure required to produce this. 

Pss^X 400 X 20 
as 250 lbs. 

In an engine the velocity and acceleration of the piston vary from 
point to point of the stroke. These variations are mwn graimicallv 
m Fig. 35A. AB represents the stroke of the piston, B being the crank 
end. The velocity of the piston at each pomt is represented bf the 
ordinate to the curve ACB^ and its acceleration by the ordinate to the 
eamDEFrn 




Fia.39> 
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It will be noticed that the acceleration is greatest when the velocity 
is zero, and vice versa. The maximum values of the acceleration are 

( R\Y^ / R\V^ 

1 + at the outer end and ( i * ]r] crank end of the 

stroke, where : — 

/ 7 =the crank radius in feet 

i.=the length of the connecting-rod in feet. 

If = the velocity of tlie crank -pin in feet per second. 



£x. 4 . — ^An endne has a piston weighing 210 lbs., its stroke is 2 feet, 
its connecting-rod is 5 feet lone, and it makes 240 revolutions per 
minute. Find the force required to check the motion of the piston at 
the end of each out stroke. 

Force 

3 * 




.*. /•= f I + 


6 /22X 


VT 

R\V» W 
VR 32 

[£X4\* 210^ 

7 / 32 


4 i 978 Ihi. 


Examples IIL 

1. What is the diflTerenoe between cast iron and wrought iron 7 

2. Name two parts of an engine trhich are made of (2) cast iroOf 
(^) wroi^ht iron, (4 steet, (d) brass. 

3. Why is ■ pisUm-rod fjhjid lined with brass? 
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4. Compare the properlies of bronse with those of steel Why is the 
former not more used? 

5. Why is copper used for locomotive 6re-bozes ? 

6. Sketch three views of a horizontal engine frame. 

7. How is a cylinder jacket made steam-tight ? 

8. A cylinder cover 10 inches in diameter is attached by 12 studs 
f inch diameter at the bottom of the thread (*3 square inch in area). 
Find the force per square inch in these, when the steam pressure is 
100 lbs. by gauge. 

9. The valve-chest cover of the engine in question 8 is 10 inches by 
15 inches. Ilow many similar studs should be used to secure it ? 

la Sketch one end of a cylinder, showing the cover and steam-port. 

11. Sketch a cross-section of a cylinder and vaWe-chast at one-third 
of its length from either end: 

12. How is the piston-rod fixed to a piston? Give a sketch. 

13. The maximum pressure on a piston ^ 7 inches in diameter is 
200 ll)s. per square inch, The piston-rod is a inches in diameter. 
Find the force per square inch upon it 

14. Ilow would you proceed in order to remove the piston-rod of 
the engine in Fig. 13, and to put a new one in its place? 

15. Ilow may a piston-rod be fixed to a cross-head? 

16. Sketch two views of a cross-head foiged in one with the piston- 
rod. 

17. How are the bushes of a cross-head adjusted for wear ? 

18. Indicate, by an arrow, in which direction the engine in Fig. 28 
should run. 

19. Make a sketch, and describe the construction of one form of 
piston cross-head with which you are acquainted. Under what m- 
ditions may a slipper-slide for the piston cross-head be employed in a 
horizontal engine? (S. and A. 1896.) 

2a Sketch and describe briefly the construction of a piston, showing 
how it is made steam-tight. (S. and A. 1898.) 

21. When starting, a locomotive exerts a tractive force of 4 tons 
upon a train weighing 200 tons. Calculate the acceleration (neglecting 
fnctionX and the velocity after 1 minute. 

22. A piston and rod and cross-head weigh 330 lbs. At a certain 
instant, when the resultant total force due to steam pressure is 3 txms, 
the piston has an acceleration of 370 feet per second per seem In 
the same direction. What is the actual force acting on the cross-head? 
(S. and. A. 1902.).. 
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19 . The Connecting-Ilod. — ^As stated in the preceding 
chapter, the len^h of this determines the pressure on the 
guide bars. It is round or rectangular in section, and is 
forged out of wrought iron. 

'Fhe form of its smaller or cross-head end depends upon 
the design of the cross-head. When the pin is fixed to the 
latter, the connecting-rod end is fitted with brasses ; other- 
wise the arrangement shown in Fig. 14 is adopted. 

The crank end, in what is called the ** marine type ” of 
connectmg-rod ^see Figs. 14 and 36), consists of a pair of 
brass blocks, with an iron cover-plate, secured by strong 
bolts^ which, on the in-stroke of the piston, have to bear the 
whole force of the steam. 

Adjustment for wear is simplified by inserting between 
the brasses two liners (Fig. 37), held in place by small pins. 
When the nuts are loosened these can be slipped out and 
filed down. This device saves taking the rod to pieces. 

Lock-nuts are used on the bolts, and a split pin is inserted 
beyond them as an additional safeguard. 

In marine engines where space has to be economised, a 
difierent method of locking (see Fig. 38) is adopted. The 
under part of the nut is turned down, and fits into a' 
corresponding recess where it is kept from rotating by a 
small set screw. 

Another form of connecting-rod end is used in some 
horizontal engines, and in locomotives, where the crank-pin 
is short and of large diameter (see Fig. 39). Here the 
brasses are enclosed in a horseshoe strap bolted to the 
forged body of the rod, and are adjusted by means of a 
tarred cotter, which can be lodted with two set screws 9, 8. 

62 




FiOi 39.— LoeonotIvB eonncctiag-rod m used on the MMIand Reilwey# 
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Nuts have to be locked when they cannot be tightened up firmly in 
the first instance, or if they require to be removed frequently. Thus, 
single nets are sufficient for a cylinder cover, but double nuts are shown 
in Fig. 36, and locking screws in Fig. 44, because, if the first nut were 
screwed down tight on to the " keep,” the brasses would grip the journal 
between them so firmly that it could not revolve. 

20 . The crank is the last link between the piston and the 
shaft. In its simplest form (Fig. 40) it is an arm of wrought 
iron, or cast steel, fixed to the end of -the shaft, and having 
a steel pin inserted in it. It is kept from turning on the 
shaft by a key, which is a rectangular bar of steel, embedded 
half-way in each. Though small, this will transmit a great 
forces for it would have to be sheared throughout its whole 
length before slipping could take place. 

I'he pin is made to fit very tightly in the hole prepared 
for it, but it can easily be inserted in the latter when the 
crank arm is expanded by heat ; or it may be forced into its 
place with a hydraulic press. Its end is riveted over as an 
additional safeguard. 

^'The ** throw*’ of the crank is the distance between the 
centres of the crank-pin and shaft It is half the piston- 
stroke. 

A complete cast-iron disc is frecjuently used (see Figs. 14 
and 4x) instead of an arm. This is hollowed out at the 
back, as indicated by dotted lines, leaving a large mass of 
metal opposite the crank-pin, so as to balance the weight of 
this and of the connecting-rod end. 

The balancing of the moving parts of an engine is very important, 
especially at high speeds, 'llie effect of an unbalanced crank may be felt 
by holding up the hack end of a bicycle, and spinning the wheel round 
with one pedal removed. Replacing the other pedal will make the 
machine run more smoothly, but the two would have to rotate in the 
same plane to balance each other perfectly. 

In marine engines the three or four cranks are set at different angles, * 
so as to balance as nearly as possible, and in locomotives weights are 
Inserted in the wheels with the same o^ect. The effect of the backward 
and forward motion of the piston, piston-rod, and cross-head is more 
difficult to deal with. These reciprocating parts can only be satisfactorily 
balanced by a second similar set of reaprocating parts moving always 
in the opposite direction. This is. why so many fast-running engines 
have two cylinders, with the cranks set opposite one another. 
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Fig. 49 .— Foiled nuked duft. 
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In a double crank or cranked shaft ^see Fig. 42) the 
forces are better distributed- «« the shaft is supported by a 
bearing at each side. 

In large marine engines cranks are built up of separate 
pieces, but in stationary and locomotive engines they are 
usually forged solid. The corners are not cut out square, 
but are rounded off to increase the strength. 

A forged crank may be balanced by extending the sides, 
or webs, on the opposite side of the shaft to the crank-pin, 
or by bolting on cast-iron weights. 

The oiling of a crank>pin presents difficulties, as a cup on the con- 
necting-rod end cannot be relilled during a long run. 

In large engines with overhung cranlu (see Fig. 40), a hole is bored 
in the centre of the crank-pin, meeting another from the surface of the 
journal ; a pipe leading from the former terminates in a round box 

^'pposite the centre of the shaft 
This will revolve, but will not move 
otherwise, so that oil can be supplied 
through a hole in its side, and this 
will find its way along the pipe to the 
brasses. 

In marine engines, a tube is carried 
from the crank end of the connecting- 
rod to the cniss-head end, and a 
funnel, fixed to this, collects drops of 
oil from a stationary wick, which it 
touches each revolution. 

21 . The orank-ehaft is made 
of wrought iron or steel. It 
rests on two bearings and is 
prevented from moving hori- 
zontally by collars at the sides 
of these bearings. The eccen- 
tric fly-wheel, etc., are keyed to 
it in the same manner as the 
crank. The shaft is often made 
larger at the points where these 
fit, than elsewhere,^ to facilitate 
getting them into places and to 
make up for the metal removed 
in cutting the key-ways (see Fig. 43). 
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22 . The crank-shaft bearings are of brass, or brass lined 
with white metal. Either takes a good surface, and the 
former expands with heat more than iron, so that, when it 
gets hot through lack of oil, the bearing tends to oi)en and 
not to grip the journal. 



Fin. 44. — Mun bearing of a marine engine. 


The pressure on a bearing is made up of the force of the 
steam and the weight of die shaft. In vertical engines, 
these are both nearly vertical, so the joint in the brasses is 
made horizontal (see Fig. 44).^ They are held in the bed of 
the engine, and are covered with a cast-iron keep, fastened 
down by two bolts which withstand the pull on the crank 
during the up-stroke. 

In horizontal en^nes the forces are in different directions, 
and their resultant is much inclined to the vertical. There- 
fore the joint between the brasses must also be inclined if 
they aie to provfile a proper support This is accomplished 
by setting a bearing similar to that of Fig. 44 at an angle 
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in the frame (see Fig. 126), or as shown in Fig. 45. In the 
latter case the keep is screwed firmly down, and adjustment 
is made horizontally by two set screws^ which bear on steel- 
plates, and are secured with lock-nuts. 



Fig. 45. — Biain bearing a horizontal portable engine. 


In large horizontal engines the brasses are divided into 
four pieces, each of which can be adjusted separately. 

Bearings often give trouble by getting hot, on account of excessive 
firiction. 

If the brasses are not accurately in line with one another, if they do 
not fit the shaft, or if the lubricant is not properly distributed over 
them, over-heating will occur. 

The best results are obtained when contact is limited to the arcs, 
indicated by dotted lines in Fig. ^ The brasses must be carefully 
fitted to the shaft by hand, to insure that the pressure is evenly 
distributed over these arcs. 

There must always be some friction, and therefore some heat 
generated. In oidinaiy working thu causes a slight rise of tempera- 
ture up to a point at which heat is lost by radiation as fast as it is 
generated by friction. 

23 . The Ecoentrio (Fig. 46).— As previously explained, 
this is reaUy a short crank for giving the requisite motion to 
the slide-vdve. In fact, a crank-arm at the end of the 
shaft is sometimes used for this purpose. As a general rule^ 
however, the motion must be obtained from the centre of 
the shaft, and here the eccentric is the cheapest anange- 
ment. Its full name is the ** eccentric sheave,” ue. the 
d^ve mounted eccentrically upon the shaft. 

The eccentricity, or throw of Ae eccentric, is the distance 
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T (Fig. 46), between its centre and the centre of the shaft. 
It is half the travel of the valve, just as the throw of the 
crank is half the piston stroke. 

The large size of the sheave entails a considerable loss in 
friction, but this* is compensated for, to some extent, by the 
extendi bearing-surface, over which the force required to 
move the valve is distributed. 

This force is about ^ of the total pressure on the back 
of the slide-valve. 



Fio. Cut-iron cecentile with hnu ilniv 


Rccentrica axe usuallv made of cast iron. If they cannot 
be slipp^ into place along the shaft* they must be divided. 
The two parts are then ftutened together, in plac^ cotter- 
bolts C, G. 

The strap is^of necessity in halves. It is made of biaa% 
or of iron lined with brass. 
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The eccentric-rod is of flat or round wrought iron. It is 
connected to the valve-rod by a simple pin-joint (see Figs. 
1 4 and is). 

Wc now come to the slide-valve, which is of such im- 
portance that a whole chapter must be devoted to its 
consideration. 

Ex, /. — The area of a slide-valve is lOO square inches, and the steam 
pressure upon it is 150 lbs. per square inch. Find the force required 
to move it. 

Total pressure on valve = 150 x 100 = 15,000 lbs. 

.*. Force required to move the valve = if 500 lbs. 

Ex, a , — ^Why is an eccentric made of cast iron, and the key, which 
fixes it, of steel ? 

The eccentric is of a form which is more easily moulded than foi^ged, 
and cast iron is of sufficient strength for thb purpose. The key, on the 
other hand, is easily forged, its size is limited, and therefore it is made 
of a material possessing a high resistance to sliearing. 


Examples IV. 

I. Describe two ways of locking a nut. In what circumstances 
would each method be employed ? 

а. Sketch the large end of a marine engine connecting-rod, showing 
the nuts on the upper ends of the bolts, as is usual. 

3. Ilow may an overhung crank-pin be lubricated ? Give a sketch. 

4. Why is a connecting-rod larger at one end than the other? 

5. Sketch a cast-iron balanced crank-disc, and state how it is fixed 
to the shaft. 

б. What is the use of the balance-weight ? 

7. Why cannot a two-^linder locomotive be perfectly balanced? 
Could a four-cylinder engine be perfectly balanced? 

8. Sketch one of the bolts in Fig. 44. What is the use of the collar 
upon it? 

9. If the total steam pressure on the engine piston, corresponding to 
Fig. 44, is flo^ooo lbs., what should be the diameter of the steel bolts 
(at the bottom of the thread) according to the table of safe loads given 
onp. 48? 
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la Sketch three views of a bearing for a small horizontal engine, 
and state how it is adjusted for wear. 

11. What effect would wear in the bearing of Fig. 44 have upon 
the motion of the piston 7 Would wear in the bearing of Fig. 45 have 
the same effect ? 

12. Sketch an eccentric-rod, showing how it is connected to the 
eccentric-strap and valve-rod. 

13. How is an eccentric-strap adjusted for wear? 

14. Why is an eccentric usually made in two parts? How are the 
pans put together ? 

15. Make a sketch and describe the construction of an eccentric 
sheave and strap. Show the position of the crank-shaft through the 
eccentric, and indicate on your sketch the throw of the eccentric. 
Name the materials oCwhich the several parts of the eccentric are 
made. (S. and A. 189a) 

16. Show by sketches how the piston-rod and connecting-rod are 
attached to the cross-head. (S. and A. 1899.) 

17. Describe, with sketches, the crank-pin end of any connecting* 
rod. (S. and A. 1900.) 

18. Sketch, in section, half the crank-shaft of a locomotive^ describing 
the construction of the crank and driving-wheel, and showing also the 
two eccentric discs. (S. and A. 190a) 

Note.— T he student should make this sketch from the actual object 
at the first oppommity. 
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THE SLIDE- VALV& 

24. Outside and Inside Lap. — ^I'wo views of a simple 
slide-valve are shown in Fig. 47. It is made of cast iron, 
and resembles a shallow inverted box. 

The valve-rod VnR controls its backward and forward 
motion, but it is allowed a small amount of freedom to 
adjust itself in other directions. It has guides at either 
side, as shown (Fig. 47), and the pressure of the steam 
keeps it in close contact with the port-face. 

A safety guide at the back of the valve is sometimes fitted to support 
it when there is no steam in the steam-chest. 

Figure 47 shows the valve in its mid-position; it then 
overlaps the steam-ports on both sides. 


Fig. 47.— a simple slide-valve. 

Ihe “ontiide lap" is flia oame givea to the distaaee 
0 L, by whioh a dide-valve extends beyond tbe ontiide 
edge of Uie steam-port, when in its mid-position. 

The "inside lap" is the name given to the distance 
IL, by whioh a sUde-valve extends beyond the inside 
edge of the steain;>portt when in its mid-position. 

A few moments’ thought will show the student that the 
amount of outnde lap will affect the admisaon of steam to 
the cylinder, and the amount of inride lap will affect its 
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escape from the cylinder; he will be shown later in the 
chapter how to determine the extent of these effects. 

The inside lap is often zero and is sometimes native. In the latter 
case, for a short interval, both steam-ports will be open to the exhaust 
simultaneously. 

26 . Lead and Angle of Advance. — Let us suppose that 
the valve in Fig. 47 belongs to a horizontal engine, that the 
valve-rod, eccentric-rod, etc., are in place, but that the 
eccentric is not keyed to the shaft 

Let us place the crank horizontally with the piston at the 
back end of the cylinder, ready to commence its out-stroke. 
It was stated in § i that the back steam-port should now be 
uncovered by a smalt amount This opening is called the 
lead (see Figs. 48 and 15). 

The ** lead ’* of a slide-valve is the amount by whioh it 
has uncovered the steam-port, for the admission of steam, 
at the oommencement of either stroke of the piston. 



To obtain the lead, the valve must be moved from its 
mid-position (Fig. 47) through a distance equal to the 
outsme lap, plus tlm lead, and to accomplish this the 
eccentiie must be turned round on the shaft, through the 
angle indicated' in the right-hand part of Fig. 48. If it 

^ In Fig. 48 the cylinder and shaft are supposed to be below and in 
front of the observer, so that in looking at them his gaze is directed at 
an inclination of 45* to the ground. 
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Fi& 401— Mo<1e1 for ^todyfne tit* bcIIqii of a slide-valvo. 
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were fixed thus, the engine would work satisfactorily, the 
crank rotating in the direction shown, so that the latter 
appears to follow the eccentric. 

The valve will at first travel in the same direction as the 
piston, and open the steam-port further. It will then begin 
to move in the reverse direction, and will close the port before 
the end of the stroke. By the time the piston has reached 
the front of the cylinder, the valve will have passed its mid- 
position again, by an amount equal to the outside lap, plus 
the lead, and so be correctly placed for commencing the 
return stroke. 


The amount of lead necessary is fixed by practical experience. It is 
about one-eighth of the fireadth of the port, and is larger in fast than 
in slow running engines. 

Turning our attention from the valve to the eccentric, it 
will be noted that this was originally (/• e. when the valve 
was in its mid-position) at right angles to the crank, but it 
had to be **advanc^” from that position through a 
considerable angle called ^tht angle of advance.” 

The ” angle of advance *' of an ecoentrio is the angle bjr 
whioh it is m advance of the crank, minus one right angle. 


Fig. 15 should be referred to here, for in it the iMd, and angle of 
advanoe are clearly diown, the piston being at the crank end of the 
cylinder. 

In laiger text books several geometrical methods are given for finding 
the correct angle of advance. The use of one of these methods enables 
engine builders to key the eccentric to the shaft, before the latter is 
put in place. All that has then to be done, after the engine is erected, 
IS to adjust the position of the valve on the valve-rod, till the corre- 
sponding lead is obtained. 

. 26. Ezperimeiital Study of the Action of a SlidOi^ 
Valve. — Four important fiictors have now been defined. 


The travel of the valve. 

The lap „ „ 

The lead „ „ 

The angle of advance of the eccentric. 

These are jiot^ however, independent variables^ for an 
alteration in any one of them involves a chaise in at least 
one of the other three. Thus, if the travel is increased, the 
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lead will be increased also, unless the lap is increased or the 
angle of advance reduced. 

It is absolutely necessary for the student to study the 
relations of these quantities experimentally. 

If a good sectional model is available, in which all four 
can be varied and measured accurately, so much the 
better. If not, he may make for himself the rough apparatus 
shown in Fig. 49, which will give tplerably good results. 
For convenience the principal dimensions are given, though 
of course these need not be adhered to. The larger 
the model can be made the better. Fig. 49 represents an 
engine of 6-inch stroke, with a connecting-rod 12 inches 
long (twice the stroke), and other parts in proportion. 

The cylinder and valve-chest are drawn in section, on a 
sheet of paper mounted on a board. The piston-rod and 
valve-rod are omitted to save space, the piston and valve 
being coupled directly to the connecting and eccentric-rods. 
This does not affect their motion in the least. 

All these pieces are cut out of cardboard, the journals 
being formed of drawing-pins inserted from below. 

Since it is more convenient to have everything in one 
planer the crank and eccentric are represented by discs 
revolving about parallel axes, instead of being fixed to the 
same shall. It is necessary, therefore, to remember to treat 
them as if they could ifbt rotate independently, and always 
to turn them through the same angle, before making a 
measurement. The discs must be divided by radial lines 
(not shown), at every 5 degrees, with a protractor; a fifth of 
a division, or one degree, can then be estimated by the eye. 
The most convenient way of numbering these lines is 
from o to 175, twice over, corresponding to the two strokes 
of the piston. 

Three most important experiments with this model are 
described below. Besides showing its uses, these will 
impress upon the mind some fundamental ideas in con- 
nection with the slide-valve. The results are tabulated 
on p. 81 merely as a ^ide ; each student should make his 
own table by observations on his own apparatus. 

Experiment i. — ^Take a yalve having f inch outside lap^ 
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and ^ inch inside lap. Insert a drawing-pin in the eccentric- 
disc^ on the 130° line, | inch from the centre. This means 
that the eccentric is to have an angle of advance of 
130 - 90 or 40^ and the valve a travel of inches. 

Set the eccentric-disc to read 0°, the valve to uncover 
the back port by ^ inch, and connect the two by an eccentric- 
rod of suitable length. Turn the eccentric through 180^, 
and see if the front port is open by | inch ; if it is not the 
length of the eccentric-rod must be adjusted till the port 
opening is of the same amount when either of the points 
marked 0° on the eccentric-disc is on the centre line ; the 
valve will then be set correctly. 

Now place the piston ready to begin an out-strok^ and 
mark its position on the centre line of the cylinder. Set 
the eccentric-disc to read 0% with the valve partly^ uncovering 
the back port. The lead, as stated above, will be about 
^ inch. 

Next turn the eccentric-disc till the valve has uncovered 
more of the port and closed it again. This will require a 
motion of 110^. Turn the crank-disc through the same 
angle in the same direction, to get it into its correct position, 
and note how far the piston has moved. The distance will 
be 4f inches, that is to say, Mir valve will admit steam to 
the eylinder^ while the piston travels 4f Indus an an aut-strohe 
aft inches. 

Rotate the eccentric again till the inside edge of the valve 
reaches the inside edge of the port, so that further move- 
ment will release the steam from the cylinder, and allow it 
to escape to the exhaust. This requires a motion of 150° 
from the start, and when the crank is brought up to the 
same angle, the piston will be found to have travelled 5U 
inches ; so that the steam expands fram 4f inches to 5^)- indies 
strahe^ and is ^'rdeased^ 6 - 5)-}, 1. a. ^ indi ae/arethe 
end of the stroke. 

Finally turn thb eccentric on till the escape of steam is 
just stopp^ that is to 130^ on the return stroke. The 
corresponding position of the piston is inches from the 
end of thestrokbk Hwn this point onwards the vabureUdns 
die steam in the cylinder^ and the piston compresses it into 
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the clearance space, until the port is opened to live steam 
near the end of the stroke. 

Now repeat this whole cycle of operations for the front 
end of the cylinder, starting with the piston at the com- 
mencement of its in-stroke. The results appear in column 
1 of the table. The first difference to be noticed is that the 
piston has only moiled 3} inches when the valve cuts off steam^ 
not 4| inches as before. The crank has turned through the 
same angle in each case (no^), and the difference in the 
position of the piston is due to the connecting-rod having 
become inclined, which reduces the horizontal distance 
between the piston and the crank-pin near the middle of the 
stroke. This brings the piston further from the back end 
of the cylinder than it otherwise would be, and so increases 
the portion of the out-stroke during which steam is admitted, 
and decreases the corresponding portion of the in-stroke. 

It is obvious that a short connectinj^'-rod will increase this 
variation^ and a long rod will decrease it. The cccentric-rod, 
for instance, is so long in proportion to the valve-travel, 
that the variation due to its inclination is hardly noticeable. 
The difference is greatest near half-stroke, where cut-off 
occurs, but it also affects the release and compression. 

This difference in the amount of steam admitted to the cylinder 
daring in and out strokes is very objectionable in vertical marine 
engines, where the piston, cross-head, etc., have to be raised on the up- 
stroke, so that more steam, not less, would be required for perfectly 
even working. The difficulty is met by reducing the lap at tne front, 
or lower end of the valve. This increases the lead and allows the 
steam supply to be cut off later on the up-stroke. 

The student should try for himself the effect of reducing the lap of 
the valve he has just used to ^ inch at the front end. 

It will be instructive now to assume a steam pressure, say 
60 lbs. per square inch absolute, and an exhaust pressure, 
say 15 lbs. per square inch absolute, for an engine similar 
to our model, and to draw diagrams^ as in Fig. 22, on 
squared paper, to represent the action of the steam at each 
end of the cylinder (see Fig. 50). 

The pressure will be constant up to the cut-off point. Then 
an expansion curve may be drawn graphically (see Fig. 21) 
till the release point is reached, after which the pressure is 
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assumed to fall uniformly till the end of the stroke. A 
second horizontal line represents the exhaust pressure up to 
the compression point. The compression curve cannot be 
drawn geometrically unless we assume a clearance volumei 
but it may be 
sketched in by 
hand, without any 
great error. 

These figures 
with their corners 
rounded off, repre- 
sent the indicator 
diagrams we should 
expect to obtain 
from the engine 
under the condi- 
tions stated. They 
make it obvious 
that thi mean effec- 
tive pressure would 
be greater on the 
out-stroke than on 
the in-stroke. 

The slide-valve we 
have used is suitable for 
slow-running engines. 

In high-speed engines, 
the steam would have 
to be released earlier. 

To do this, the inside 
lap is made less. It is, Fig. «a->lndicator diagruns deduced from 

in fact, often reduced to Experiment I. 

nothing, and is some- 
time a minus quantity, so that both ports are open at once to exhaust, 
for a short peri^. 

27. Xhe Effiset of Varying the Lap or the Travel of a 
Slide-Valve. 

Experiment a. — ^The object of this experiment is to 
show the effect of increasing the lap of a valve without 
altering its lead*. 

Take a valve similar to that in experiment r, but with an 
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outside lap of ^ inch, and place it with lead of ^ inch. 
Set the eccentric disc at o^, having first marked on it a 
circle of f inch radius. Find where the pin-hole in the 
eccentric-rod crosses this circle» and insert the pin there. 
It will be on the line marked 145^, which implies that the 
angle of advance must be 145®- 90° l SS®. 

Turn the eccentric through 180^ in order to check the 
correctness of this result, by seeing if the lead is the same 
at both ends. 

Now repeat all the measurements made in experiment i, 
and tabulate the results as in column 2 of the table. 

The cut-off occurs at 3^^ inches on the out strokc, and at 
2} inches on the in-stroke. This shows that — IVAen theout^ 
side lap of a valve is increased without altering the lead^ steam 
will be cut off earlier in the stroke. 

By reducing the lap and angle of advance, the period of admission 
may be inerwud till it covets nearly the whole stroke, but even when 
there is no lap, there will still be a small angle of advance to give the 
lead. 

Experiment 3. — The object of this experiment is to 
show the effect of decreasing the travel of a slide-valve, while 
its lap and lead remain constant. 

Put the original valve in place, with ^ inch lead. Mark 
a circle f inch radius on the eccentric-disc, and set the 
latter at o®. 

Find where the pin-hole in the eccentric-rod crosses this 
circle, and insert a drawing-pin there. It happens to come 
on the 145® line again, but now the slide-valve will have a 
travel of inches only. 

Take measurements similar to those in experiments 1 and 
2, and tabulate them as in column 3 of the table. 

It will be found that reducing the travel of the valve by 
i inch has very much the same effect as increasing its lap 
by \ inch. Thus we have now shown that — When the 
travel of a slide-valve is decreased without altering its lead, 
steam will be cut off earlier in the stroke 
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Table of results of experiments z, 2 , and 3 , with the slide- 
valve model. 


Eicperiment. 


Lap, outside .... 

r 

„ inside .... 


Travel 

d" 

Angle of advance 


Le^, back end 

r 

,, front ,, . . . . 

i" 

Cut-off, back end 

4i" 

11 front ,, . . . 

3f" 

Release, back end . v' • 

SH" 

,, front ,, . . . 

54" 

Compression, back end 

ij'' 

,1 front ,, . . 

41" 



It is an ad vantage from the point of view of economy, to be able to 
vary the period of admission of steam to the 
cylinder of an engine. This cannot well be J 

done by changing the lap of the slide-valve, 
but it may be done by using an eccentric whose f 

throw and angle of advance can be altered. / Mt a 

Fig. 51 shows such a contrivance j it is held | t if 

in place by a bolt passing through a 'disc keyed ^ /[TTiy 

to the shaft, and can be moved at right angles \ 1 jy 

to the crank. Its centre is always the same \ 
distance D (measured in the direction of the | 

crank), from the centre of the shaft, and 
therefore the displacement of the valve at the 
beginning of each stroke, which determines 
the lead, is constant. « | ^ 

28. Beversing Oean. — Locomotiv^ | 

and marine engines require to run in ^ ^ 

both directions, and the engineer in ^ 

charge must be able to reverse their 
motion quickly, by a single movement fig. ^i. - Fxcentrie with 
of a conveniently placed lever, or hand- **** ****** 

whed. 

The simplest yray to accomplish this is to fit two eccentrics 
on the shaft, and to em^^oy one of them when going for- 
wards, or ahead, and the other when goinp; backwards^ or 
astern. These are shown, with the crank, in Fig. 5 a. 
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The one marked F is used when the crank is to turn 
“forward,” because it is in front of the crank by 90® + the 
angle of advance, in that direction. For the same reason 
the one marked B is used when the shaft is to run “ back.” 

The two eccentric-rods 
are coupled to opposite 
ends of a slotted link 
cinved into a circular arc 
of which the shaft is the 
centre (see Fig. 53);, a 
block of metal slides in 
the link, and to this 
block the forked end of 
the valve-rod is attached 
by a pin. The link is 
hung from a bell-crank 
lever, by moving which 
either eccentric-rod can 
be brought into line with 
the valve-rod. The latter 
will, of course, take its 
motion from that eccen- 
tric-rod which is oppo- 
site to it, while the other 
rod merely rocks the link 
to and fro. 

This reversing gear was invented by George Stephenson 
for the locomotives which he designed, and it is therefore 
known as “ Stephenson’s Link Motion.” 



Fig. 5a. — Digram of ** forward *' and 
*' backward ** eooentrici. 


Here again the reader is strongly advised to study the action of the 
mechanism with a good-sized model. He will then be able to see, by 
experiment, (1) how the lead varies as the gear is moved over from 
"forward ” to "backward ” ; (a) how this variation is affected fay cross- 
ing the eccentric-rods before coupling them to the “ link.’* 

Fig. 53' shows the motion in mid gear, as it is called. 
The thi^ dotted lines indicate the position of the parts 
when it is in full-forward gear. 

Even at mid gear the valve moves sufficiently to uncover 
the ports, but as it opens these for as long a time before 
as ato the commencement of each stroke, the piston is 
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diecked as much as it is driven by the steam. This open- 
ing is, in fact, the lead, which is shown, by the dotted centre 
lines (Fig. 53), to increase slightly, as the ** motion ** is moved 
over from full g^ to mid gear. 



Fig. sji— Stephenson’s "link-motion* reveidngfear. 


At full gear the travel of the slide-valve is obviously twice 
the throw of the eccentric. If the slotted link is held in 
some intermediate position between full gear and mid gear, 
the effect will be to reduce this travel, without (as shown 
above) greatly altering the lead. Now we have seen by 
experiment 3 that such a process causes steam to be cut of 
earlier in the stroke, and so reduces the mean pressure on 
the piston. This ''link- ^ 

ing up^” as i^ is called, 
forms, therefore, a 
very convenient and 
economical way of 
regulating the power of 
an engine. It is, in 
fact, constantly used 
by locomotive drivers. 

Fig. 54 shows three Fm. ju. 

indicator diagrams 

which were taken on the Great Western Railway Compagy^ 
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locomotive “Great Britain” at nearly the same boiler 
pressure. A was taken at full gear, at } full gear, and C at 
full gear. These illustrate the variation in cut-off, release, 
compression, and mean pressure very clearly. 

The serious extent to which the steam is wire-drawn in 
0 should be noted. 

29 . Indioations of Incorrect Valve Setting. — Before 
leaving the consideration of slide-valves, it will be well to 





notice some effects which follow if they are badly set. These 
effects are made evident by the use of the indicator ; for 
instance, if a diagram similar to Fig. 55 (1. e, with a small 
loop at the admission end) is obtained from an engine, it 
shows that the lead is insufficient. If the pressure foils to 
its exhaust value before the end of the stroke (see Fig. 56), 
release occurs too early. If, on the other han^ the “toe ” 
of the diagram is turned up (see Fig. 57) release occurs ton 
late. 

When steam is cut off too soon, it may be expanded tiU 
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its pressure falls below that in the exhaust-pipe. A looped 
diagram, like Fig. 58, will then be obtained. 

All these four cases should be compared with the diagrams 
in Fig. 54, the forms of which indicate a properly adjusted 
valve. 


Examples V, 

1. Draw to scale one sectional view of a slide-valve from the following 
dimensions — 

Outside lap as i**. 

Inside lap s o. 

BreadtfaPbf steam-ports sa 1". 

Breadth of exhaust-port = 1}", 

Thickness of metal between ports = J". 

2. Tf the travel of the above valve is 3k inches, what is the greatest 
breadth of the steam-port it will uncover? 

3. The throw of an eccentric is 4 inches, and its angle of advance 
is 30*. Find, by a scale drawing, the distance of the valve from its mean 
position at the beginning of each stroke. 

4. What must be the lap of the above valve if its lead is | inch? 

5. Sketch a slide-valve with no lap but a small amount of lead, show- 
ing its position at the commencement of the stroke. 

6 Make an experiment similar to experiment I, with a valve having 
no lap and } inch lead. Draw up the results in a table. 

7. Assuming the initial and back j^ressure shown in Fig. 50^ draw 
indicator diagrams for an engine with its valve set as in experiment 3. 

8. Find the mean effective pressure represented by each of these 
diagrams. 

9. Find the mean effective pressure represented by the diagrams in 
Fig. SO. 

10. The angle of advance of an eccentric is 45*. Tlie valve which it 
drives has an outside lap equal to half the breadth of the steam-port, 
and a travel of twice the brmth of the steam-port. Find with a model 
its lead, and when it will cut off steam, assuming a connecting-rod twice 
the stroke in length. 

11. The connecting-rod of on engine is times the stroke in length. 
Find graphically (<i) the position of the crank when the piston is at half- 
stroke, (^) the position of the piston when the crank is 90* from a dead 
point. 

12. The length of the connecting-rods is three times the stroke in many 
locomotives, aM only twice the stroke in most marine engines. In the 
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former case, the lap of the valves is made the same at both ends ; in the 
latter case, it is made less at the lower end. Give two reasons for this 
difference. 

13. Sketch three views of an eccentric whose travel can be. varied. 
Why is it not made so that the travel can be reduced to nothing ? 

14. A portable engine is used for thrashing in the autumn and to drive 
a circular saw in the winter. It has to run in opposite directions for these 
jobs. Could this be accomplished by fitting it with the eccentric shown 
in Fig. 51 ? 

15. Make sketches of a Stephenson's link- 
motion reversing gear, (a) in mid gear, (^) in 
forward gear, (e) in back gear. 

16. Comment on the indicator diagrams in 

Fig. 59 . 

17. Describe and sketch a slide - valve, 
describe how it distributes the steam, and how 
it is worked. 

What is meant by the terms lap, half travel, 
inside lap, and advance? (S. and A. 1898.) 

18. If steam is cut off both on tlie down and 
up strokes of a vertical engine (the crank being 

below the cylinder) when the crank makes an angle of 70* with a dead 
point, show that this means a later cut-off in the down-stroke than in 
the up-stroke. Is this a good or a bad result ? (S. and A. 1900,' 
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CHAPTER VI. 

THE F^.Y-WHEBL AND GOVERNOR. 

30. Variation of Crank Effort.— In Chapter I. it was 
pointed out that in each revolution of 
a single cylinder-engine there are two 
dead points at which the pressure of 
the steam on the piston has no power 
to rotate the shaft. From these dead 
points the effect of the steam pressure 
increases during the first part of each 
stroke, decreases again during the latter 
part, and is greatest when the connect- 
ing-rod and crank are at right angles. 

The student may prove this state- 
ment experimentally with the simple 
model shown in Fig. 6o. 

^ is a grooved disc turning on a 
pivot in an upright board ; 0 is a peg 
fixed in it, at the same raidius as the 
bottom of the groove ; a string L con- 
nects 0 with the ring //, which sup- 
ports a weight F. A horizontal cord, 
which is also attached to passes 
over an adjustable pulley P, and 
carries the small weight w. Round fig. 6o. 

the disc ^*is wound a third cord, 
with a weight Hf in a scale-pan at its lower end. The 
circumference of A is divided into (say ao) equal partSi 
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Starting from C, as shown; and a vertical centre line is 
drawn on the board. 

It is easy to see that the apparatus, thus arranged, repre- 
sents the mechanism of the steam-engine. A is the crank- 
disc, 0 the crank-pin, L the connccting-rod, and H the 
cross-head. In the position shown two-thirds of the down- 
stroke have been completed. When the weights are 
arranged to balance, F corresponds to the total effective 
steam pressure on the piston, W to the effect this would 
have in rotating the crank (or the crank effort as it is 
called), and w the horizontal force required to keep the 
cross-head moving in a straight line, ue. the pressure of the 
guide-bars. 

Experiment. — To determine how the crank effort varies 
during one stroke of an engine working without expansion 
or compression, i.e, of an engine in which the effective 
pressure is constant. 

Attach any convenient weight F (say lolbs.) to represent 
the constant steam pressure. Adjust )N till the disc rests 
with the first division from 0 opposite the centre line. 
IwOwer the pulley P till the cord passing over it is horizontal, 
and increase w till H hangs in front of the centre line. 
Readjust W if necessary, and note its value. Rej^eat these 
operations at each succeeding division till the stroke is 
completed, noting the value of W each time. Great care 
is necessary in some positions, where a slight displacement 
of the crank will entirely upset the balance. 

The results are best recorded on squared paper (see 
Fig. 6i). The equidistant points o, i, 2, etc. are marked 
off, along a horizontal base line, to represent the equal 
divisions on the crank circle, and from each point an ordi- 
nate is measured proportional to the corresponding value of 
ly. Thus dd represents the value of W when the crank 
has rotated through 4 divisions, on a scale of 10 lbs. to the 
inch. 

A curve drawn through the heads of these ordinates^ 
shows graphically the crank effort for aU positions of the 
mechanism throughout one complete stroke. 
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The reader will notice that tV is nearly always less than F ; this may 
surprise him unless he remembers tiiat the work done on the piston 
must equal that done on the crank. 

Now, work done on piston during each stroke s Fx stroke. 

SiSs Sotr'-""} - * X 


Fx stroke = mean value of M^x x stroke. 

2 



Fin 61.— Curve of crank effort when the pressure on the |dston b constant 

The simplest possible distribution of force has been 
chosen for this experiment, but the model may just as 
easily be used to illustrate a more complicated case, where 
the effective pressure is not constant, by changing the weight 
F for each point. 

Since the pressure is always greatest at the beginning of 
the stroke, a more peaked curve will be obtained in the 
latter case ; for instance, Fig. 62 shows the variation of 
crank effort during two consecutive strokes of an actual 
engine; to draw it, the correct value of F for each position 
of the crank was determined from a pair of indicator 
diagrams. 

It wus pointed out in 8 17 that, at the beginning of each stroke, part 
of the force on the piston is absorbed in aeceltraiing the latter. At the 
end of the stroke the piston suffers a negative acceleration (or retarda- 
tion), and therefore exerts, of itself, a corresponding force on the crank, 
while its velocity^is being checked. Allowance has been made for thn 
effect in Fig. 6a ; it alters the form of the curve, but not the average 
value of the crank effort. 
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31 . The Function of the Fly-wheeL — An engine usually 
has to work against a constant resistance to motion, like the 
pull of a driving-belt. 

This resistance is equivalent to a steady force at the 
crank-pin (represented by the dotted line ABCD^ Fig. 62) 
opposing its motion. The crank effort is sometimes greater 
than the latter and sometimes less, but its average value is 
equal to it 



Referring to Fig. 62, it is obvious that the engine would 
stop at B unless the excess of crank effort between A and B 
could be stored up in some way, so that it might be used to 
make up the defiat between B and C. 

A fly-wheel of large diameter, with a heavy rim, forms a 
simple means of doing this. 

The student’s attention has already been called to the 
fact, that force is required to inaease the velocity of a 
heavy body, and that a moving weight will exert a corre- 
sponding force on anything that tends to bring it to rest 
Tliis is true whether the movement is in a straight line (as 
in the case of a piston) or in a circle (as in the case of the 
rim of a wheel) ; therefore a fly-wheel, on account of the 
mass of metal which it contains, will store up the effect of a 
force, or give it out^ according as the veloaty of that mass 
is increased or decreased. 
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This power is well illustrated in those little toys which 
are driven by a heavy disc set in motion, like a spinning-top^ 
by pulling a string wound round its spindle. Here the 
effect of a large force acting for a few seconds on the 
string is stored in the revolving disc and gradually given 
out again in keeping the model moving for a minute or 
more. 

In the case of the steam-engine fly-wheel the same thing 
happens in a smaller degree. When the crank effort 
exceeds the resistance, as between A and B (Fig. 62), the 
excess of force makes the fly-wheel move faster. When 
the resistance exceeds the crank effort, as between B and ( 7 , 
the fly-wheel has to supply the deficit of force and is 
“slowed down** in consequence. From C to /) it is 
accelerated again, and so on. The variation of its speed 
about the mean, during each revolution, is shown by the 
lower continuous curve. 

Its velocity increases from a to ^ and from c to where 
the crank effort is in excess, and decreases from b to where 
the resistance is in excess. The larger and heavier the fly- 
wheel, the less will be this variation in speed. The weight 
is naturally concentrated, as far as possible, in the fastest 
moving part, viz. the rim. The size of the wheel is 
limited by the fact that the centrifugal force will be greater 
than ordinary cast iron can stand if the circumferential 
velocity exceeds 80 feet per second or about a mile a 
minute. 

Large wheels are made in two or more pieces^ for they 
are then both more easily cast and fitted into place, but the 
strength of the wheel is considerably reduced. 

When an engine has two qrlinders, they may be arranged 
so that one is giving its maximum crank effort while the 
other is at a dead point This is done in locomotives, and 
here the whole engine and train take a share in stead]fing 
the speed; thqr only differ from a fly-wheel in moving in a 
straight line instead of revolvmg. In marine engines three 
or four cranks set at suitable angles are used, whid together 
give a very uniform effort 
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The work done in changing the velocity of a body may be calculated 
as follows— 


Let ly = the weight of the body. 

P = the force acting upon it. 

/= its acceleration. 

1^1 and Kg = its velocity at the beginning and end of a short period 
of time /, daring whidi the force F may be considered 
constant. 

S = the space traversed by the body in the time /. 


Then the work done on the body in time / 

= P.S 

= - f.8 (sec page 6o) 




but /= 

2 




.*. P. 8 


32 2 


Ex, /.—A fly-wheel 5 ft. 3 ins. in diameter has a rim weighing 1,000 
lbs. Find the number of foot pounds of work required to set this 
rotating lao times per minute. 


ly = 1,000 lbs. 

V, = o 

ir,= *“)cl3x“ 
■ 60 la 7 

= 33 feet per sec. 


ly y * 

.". work required a* — 

^ 32 X a 

- 1,000 X 33 X 33 
32 X a 

as 17,016 ft. lbs. 


S2. The Function of the Oovemor.— So far it has been 
assumed that an engine works against a constant resistance, 
and, even on this ^sumption, it has been shown that there 
will be a small periodic variation in its speed. 
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buppose now that the resistance suddenly changes. If, to 
take an extreme case, the driving-belt were to brea&, only the 
friction of the bearings, piston, etc., would have to be over- 
come. This resistance is represented by the dotted line 
LUNP^ Fig. 62. It is evident that the speed of the fly-wheel 
would be increased more than decreased in each revolution, 
so that the average s|)eed would steadily rise (as shown by 
the dotted curve ///rw/), unless the crank eflbrt or — what 
comes to the same thing — the mean effective pressure on 
the piston were reduced. The engine man might, if he 
were at hand, partially close the stop-valve so that the steam 
would be wire-drawn by it and have its initial pressure 
lowered ; but a more ^^reliable and satisfactory arrangement 
is to make the engine perform the operation automatically. 
For this purpose a governor and throttU’Vahe are used. 

A simple type of belt-driven governor, suitable for a small 
engine, has dready been described on page 15. Fig. 63 
shows the throttle-valve and governor of a larger vertical, 
high-speed engine. 

Tile throttle-valve appears in section. It is cylindrical, 
and it moves over steam-ports formed in a cylindrical 
casting which projects into the valve casing. It is raised 
and lowered by the vertical spindle K The paths by which 
steam can normally pass from the steam-pipe to the engine 
are indicated by arrows. 

The governor consists of two weights IV, if, attached, by 
pin joints, to a bracket mounted upon the end of the crank- 
shaft The weights are held together by strong springs, but, 
when the speed of the shaft exceeds a certain limit, their 
centrifugal tendency overcomes the pull of these springs, 
and they move apar^ displacing as they do so, the horizontal 
spindle 5 , through the arms J. This spindle, in its turn, 
actuates the bell-crank lever £, which draws down the 
vertical spindle V, and lowers the throttle-valve TV, partially 
closing the steam-ports, so that the pressure at which steam 
reaches the engine is reduced by wire-drawing. 

A further increase in speed will cause a further motion 
of the weights* and valve^ and consequently further wire- 
drawing, till the balance between the effective pressure on 
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the engine pistons and the resistance to be overcome is fully 
restor^. 

It is obvious from this that an engine will run rather 
faster under a light than under a heavy load. 

The average speed at which this governor allows the 
engine to work can be slightly varied at any time, even while 
running, by adjusting the hand-wheel //, which turns on a 
screwed portion of the spindle 1^, and alters the compression 
of the auxiliary spring AS^ bearing upon the frame. 

It is more important that a throttle-valve should move 
without friction and that the steam pressure upon it should 
neither tend to open nor to close it than that it should be 
absolutely steam tight when shut It should close by its 
own weight if the mechanism which actuates it breaks down. 
Friction in the moving parts of a governor should also be 
avoided by making the controlling springs act directly upon 
the weights instead of transmitting their force through inter- 
mediate links and joints. T/te greater t?u friction t/iat has 
to he overcome the greater the change of speed which must take 
place before the governor can readjust itself 

33. The Two Systems of Ooveiniug.— The throttling 
system of governing is the simplest, but a different and, under 
ordinary conditions, more economical method is frequently 
employed. In this method the period of admission of steam 
to the cylinder is reduced instead of its initial pressure. 
The simplest way in^ which tins can be done is to attach two 
spring-controlled weights to the crank-shaft, and to connect 
them with a loose eccentric similar to Fig. 51 ; so that, when 
the speed enables them to overcpme the pull of the spring 
and move outwards, they reduce the throw of the eccentric 
and cause the slide-valve which it actuates, to cut off steam 
earlier, as explained in Chapter V. A governor of this form 
is called a shaft-governor^ 

The application of this means of controlling the power 
developed to engines with more complicated valvogears 
will be referred to subsequently. 

The relative advant^es of the two systems of governing 
are plainly shown in Fig. 65 ; ordinates to the straight line A 
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represent the pounds of steam per hour used by an engine 
at various powers when it is governed by varying the initial 
pressure; and ordinates to the curved line a represent 
pounds of steam used per hour, at the same powers by the 
same en^ne when governed by varying the ratio of expansion 
in its cylinder. 

The forms of these lines were first established by the 
experiments of the late Mr. Willans, and the simple rule, 
expressed graphically by the straight line A (Fig. 65), and in 
words by the statement l\aX the total weight of steam required 
by an engine worhing with a constant ratio of expansion is 
proportional to the horse-power developed plus a constant 
quantity^ is now known as JVillans law. 

The constant is the hone-power represented by the distance between 
the points at which the vertical through 0 (Fig. 05) and the line A ptxh 
duced cut the base. 

9L Governing of Engines in Oenerel. — It was shown 
above that a governor allows* some decrease of speed in an 
engine between light load and full load. This variation 
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Jiay be made very small, but it must always be greater 
than the change of velocity during each revolution due 
to the varying crank effort; otherwise the latter would 
cause the throttle-valve to close and open, or the travel of 
the slide-valve to be greatly altered, during each stroke, 
and this would entirely upset steady running. 

The reader should if possible count the revolutions of an 
engine at light load and full load. He will then see for 
himself what variation of speed is allowed by its governor. 
He should also note how the position of the balls or 
weights changes with the load. 

Accurate governing is most important in factory and in 
electric-lighting engi&s. In locomotives the driver is of 
necessity always on the look-out ; and, as the speed cannot 
change suddenly, owing to the enormous mass of the 
engine and train, he has time to adjust the crank effort to 
balance the resistance by hand, either with the stop-valve, 
or by ^Minking up'^ the reversing gear; an automatic 
governor is therefore unnecessary. 

Marine engines are best controlled by hand when a vessel 
is entering or leaving port ; at other times their speed is* 
regulated by the boiler pressure alone. The resistance of the 
screw will keep them from running too fast, so long as the 
latter is immersed. A form of governor which comes into 
action only when the speed is dangerously high, is, however, 
occasionally fitted to these engines with a view to preventing 
accidents similar to that whi<fo occurred on board the tvrin- 
sciew steamer City of Faris^ some years ago. Here the port 
propeller shaft broke, and the port engines, having practically 
no resistance to overcome, acquir^ an enormous velocity 
before steam could be shut off ; in consequence some of 
their moving parts broke looser and striking the starboard 
engines damaged the latter so seriously that the ship was 
left helpless. 

Ex. j.— Distingnish between the fonctions of the Jty^hui end 
gavemorm 

The fly-wheel, gn eoooont of its mess and velocity, carries u ei gine 
over its dead points and tends to rednce forioiU variations of qpe^ 
It forms a reservoir of eneigy in which the work done by the steam on 
the piston may be temoorarily stored, but it cannot alter the fnbil 
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amonnt of that work. The governor, on the other hand, does alter the 
total amount of that work, and adjusts it so that an almost constant 
number of revolutions is maintained whatever be the power which the 
engine is called upon to develop. 


Examples VL 

f . Draw the combined crank-elTort curve of an engine which has two 
cranks set at right angles, if the turning force on each varies as shown 
in Fig. 62. 

2. Whidi of the followin^r engines, working at the same power and 
speed, would probably require the largest fly-wheel ? — 

(a) A single-cylinder engine in which steam is admitted throughout 
the stimce. 

(^) A double-cylinder engine, with cranks at right angles^ in which 
steam is cut oflf at quarter stroke. 

(r) A double-cylinder engine similar to the above, but with its 
cranks set opposite to each other. 

3. Why are fly-wheels not fitted to marine engines? Give two 
reasons. 

4. Why is a fly-wheel fitted to a traction engine, but not to a railway 
engine? 

5. What are the advantages and disadvantages of making fly-wheels 
in nalves? 

6. Sketch the joint in the rim of any fly-wheel made in sections to 
which you have access. 

7. An engine is to run at 200 revolutions per minute. Find the 
diameter of the largest fly-wheel that can safely be fitted to it. 

8. A locomotive weighs 60 tons, calculate the total work stored in it 
when its veloci^ is (0) 30 miles per hour, 60 miles per hour. 

Note.— do miles per hour s 80 feet per second. 

9. Sketch and describe a throttle-valve. 

la Sketdi the governor shown in Fig. 63 as it appears when the 
throttle-valve is closed. 

11. Why can eneines having heavy fly-wheels be fitted with more 
delicate governors than those havi^ l^ht fly-wheels? 

12. V\my do we regulate an enmne with both fly-wheel and governor? 
Explain clearly how each aflects me regulation. (S. and A. 190a) 

13. The load on an engine in an electric lighting station is 20 kilo- 
watts ftom 6 p.m. to 8 p.m. It then increases to 250 kilowatts, and 
remains steady till xi p.m. when it giadoaUv falls again, beug; xjp 
kilowatts at ix.30 p^m., and 56 kilowatts at midnight Describe fhfiy 
the action of the governor tljrong^ut this period. 

Note.— I kilowiut 1*34 ho^power. 



CHAPTER VIL 

THS BOILER. 

85. The Produot&n of Steam and Qnalifleatiou of a 
Good Boiler. — Now that the reader has acquired ^oihe clear 
ideas about the action of steam in driving a simple engine^ 
it is time for him to turn his attention to its production. It 
is produced in a boileri which consists, essentially, of a closed 
vessel, heated by a furnace where some combustible material, 
such as coal, coke, oil, or wood, is burnt. Into this vessel a 
continuous stream of cold water is pumped, which is vapor- 
ized and drawn off as steam, through a pipe leading to the 
engine. The boiler is, therefore, an apparatus for collecting 
the heat produced in a furnace^ and transferring it to a 
stream of water. 

Some boilers contain a large quantity of water, which 
forms a reserve^ in case the supply is stopped, or the de- 
mand for steam suddenly increases ; others^ such as those 
used on motor-car^ hold^ no reserve, and consequently 
require very careful attention. 

No boiler will work satisfactorily, or produce a maximum 
amount of steam for a minimum supply of fuel, unless it 
satisfies the following conditions — 
vts^) The heating surface, or the surface on which , the 
heated gases from the furnace play, must be large. 

^d) M parts of the boiler subjected to the heat of the 
furnace must be coveted with water. 

There must be a thorough drculation of water through- 
out the teiler. 

^ The steam produced must be able to rise freely to the 
99 
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top of the boiler, and must be allowed ample space to 
separate itself from the water before it is drawn off. 

^e) All parts of the boiler must be accessible for periodic 
examination, so that any corrosion may be noted, and small 
leaks stopped as soon as they appear. 

Roughly speaking, one pound of coal will convert eight 
pounds of water into steam, under average working con- 
ditions. Now in a factory boiler of th^ Cornish or Lanca- 
shire type (which will be described shortly), it is found best 
to burn about 12 pounds of coal per square foot of fire- 
grate area per hour. In marine and locomotive boilers, 
where the heating surface is mudi larger in proportion to 
the size of the furnace, 30 to 50 pounds may be burnt, per 
square foot^ per hour, with equally good results. 



Fra. 6S.— Onra-teeHon oTa LmouMre boibr. 


The grate area is, therefore, a measure of the steam-pro- 
ducing capadtjr of a boiler. Thus, for example^ if a marine 
boiler is required to supply xo,ooo pounds of steam per 
hour, the total area of its furnace grates must be 


or 42 square feel, nearly. 

.iL-Y 
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36 . The Laneaehire and Cornish ^^es of Boiler.— The 
commonest form of fixed boiler in thiscountiyis the Lanca- 
shire boiler.^ In it the furnaces are placed within two tubes 
passing horizontally through a larger cylinder containing 
water. This boiler was first introduced in Lancashire (hence 
its name) in 1844, as an improvement on the single-tubed 
Cornish boiler, invented by Trevithick early last century, 
bt was claimed that, by having two fires stok^ alternately, a 
(very even supply of steam could be maintained, and that two 
TObies allowed a freer drculation of water than one. 

In both designs the hot gases issuing from the furnace 
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tubes are made to pass along a series of flues surrounding 
the lower part of the diell, in order that they may supply 
fhrther heat to the water through this, before reaching the 
f^himn cy. In lAUcashire boilers it is usual for them to 
enter the lower flue first, and to return along the two upper 
In Cornish boilers this {dan is sometimes revers^ 
because in that typo steam cannot rise so readily from ^the 
bottom as from the sides. 

Wfp. 66 and 67 diow both anangements. In thjsselbe 
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Fig. 68 diows an improved form of the Coniish boiler, known as the 
German G>niish boiler," recently introduced abroad with very good 
results. 



The furnace tube is at one 
side, to insure good circulation. 
The shell rests on cast-iron 
seats, and is entirely enclosed 
with brickwork, the steam 
being drawn off from a dome D 
on the top. 

87 . Construction of the 
Shell of a Lanoashire 
Boiler. — Fig. 69 is a 
longitudinal section of a 
Lancashire boilerdesigned 
for a working pressure of 
80 pounds per square 
inch. The area of each 


of its grates is 1 6| square 
feet, so that it might reasonably be expected to supply 8 x 
xa X 33 or 3,168 pounds of steam per hour, which would be 
sufficient to drive a 100 horse-power non-condensing engine. 

The shell is a8 feet long, and 7 feet 6 inches in ffiameter. 
It consists of 9 mild steel plates, ^ inch thick, rolled into a 
circular form, with the ends overlapped and riveted together. 
These fit over one another alternately, as shown. All the 
joints are made steam-tight after riveting by driving the 
inner edge of each plate inwards into close contact with the 
other plate. This is done with a caulking tool, resembling 
a blunt chisel, as shown in Fig. 70. 

F%. 71 indicates the arrangement of the rivets where 
three edges meet. There are two rows in the longitudinal 
seam, for, as will be explained later, this has to withstand 
more than twice the force on the circumferential seam. 


There are three steel brackets riveted to the top of 
the shell for attaching two safety valves and a stop valve 
opening into the steam-pipe. There is a fourth bracket at 
the bottom for the blow-oflf cock, by which the boiler is 
emptied. 

A manhole is provided large enough to admit a man into 
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the boiler for cleaning or repairing it. The cover for this is 
shown in Fig. 72. It is dished to enable it to withstand the 
pressure upon it, and it is held in place by two bolts passing 
through movable cross-bars. 

^ The metal cut-out of the shell is compensated for by 
riveting broad rings round the aperture. If this were not 
done the plate would be seriously weakened. 

Each end plate is in one piece^ | inch thick. The total 
pressure on these is very great. It is calculated as follows — 

Area of plate 

« cross-section of shell - cross-section of tubes 

- 7854 X ( 7 i)*-‘ 78 S 4 X 3* X a, sq. ft. 

“ 7854 - 18^, sq. ft. 

•*. Total pressure on plate 

g /aa5_ 

2240 ' \ 4 / 

154 tons. 

To support each plate against this force, seven ^sset stays, 
secured by angle irons, are inserted, as shown in Figs. 69 
and 73. In addition to these, two or more longitudinal 
stays, in the form of round bars, are often passed right 
through the boiler from end to end, and made fast with 
double nuts. 

When the fires are first lighted the tubes become hotter 
above than below. They therefore expand more at the top 
than at the bottom, and tend to bend upwards. Unless the 
end plates can spring alittle to allow of this motion, there will 
be a gmt stress on the Joints, which may cause a leakage. 

To insure sufficient freedom a dear breadth of several 
inches is left all round the ring of rivets securing the tubes, 
and, to provide this, die front end plate is attached to the 
shell by an external angle ring. 

At the back the tub^ are of smaller diameter, so that a 
joint made by flanging the back end {date is permissible^ 
and this'has the advantage over the other form, of being less 
liable to damage from the heat of the flames. 
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There is a second manhole near the bottom of the front 
plate for cleaning out the boiler below the tubes. 

The position of the following mountings is indicated in 
Rg. 73 — 

At F a feed'Water check-valve through which the water 
supply is pumpedi and which prevents any flow in the 
reverse direction. 

At SO a scum cock for blowing ofT^the upper surface of 
the water on which scum collects. 

At 0 , Q two gauge-glasses for showing the water-level. 

At P a. steam pressure gauge. 

All these will be fully described in the next chapter. 

38 . The Furnace Tubes and Fire Orate. — The furnace 
tubes (Figs. 67 and 73} are built up of 9 sections. Seven of 
these are 3 feet in diameter, the 8th 
is tapered, and the last is 2 feet 6 
inches in diameter. The sections 
have their longitudinal joints welded. 
They are } inch thick. Their ends 
are flanged outwards in a broad 
curve and riveted together, with a 
‘^ooUaimri!^ stiffening ring between them (see 

Fig. 74). 

This form of joint protects the rivets from the heat of the 
flames, and provides a small amount of flexibility, to com- 
pensate for unequal heating; its main object, however, is 
to prevent the tube collapsing under the external steam 
pressure. 

A cylindricail vessel subject to a high internal pressure 
will tend to return to its cylindrical form after being distorted. 
A cycle tire is a good example of this fact ; but, when the 
pressure acts externally^ the case is quite diflerent, a slight 
deformation tends to increase rapidly, till the original form 
of the vessel is completely changed. 


Experiment.— T ake a piece of stout rubber gas-p^ close one end, 
blow into the other. It will still remain circular. Nest ei^ust the 
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The cross-tubes, or water-tubes, fitted into each flue give 
these additional support They also considerably increase 
the heating surface of the boiler, and improve the circula- 
tion. One is vertical and the other three are inclined at 
30® to the vertical. Their ends are flanged, and they are 
tapered so that the lower end can be inserted through the 
upper hole. 



^*^'he furnace (see Fig. 75) is 6 feet long. If it were much 
longer than this, the stoker could not keep the fire in good 
condition at the back. It is divided oflT from the rest of 
the flue by a fire-brick bridge which rests on a cast-iron 
frame closing in the ash-pit. The fire-bars are in three 
lengths. They are in^ broad at the top, and there 
is an air spacer f inch broad, between them. Th^ 
rest on cross-bearers, bedding on the sides of the tube, 
and kept in position by longitudinal tie-rods. The back 
of the grate is lower than, the front to facilitate stoking. 
The furnace front is closed in by a cast-iron frame, and a 
hinged door, fitted with a regulating valve for admitting air 
above the fires when desired. If this is closed, the whole 
air supply must enter by the ash-pit, and pass between the 
fire-bars, upwards through the hot coals above. 

89 . Hie Setting and CSiimney of a Fized Boiler.— In 
arranging the &tting of any boiler, the three main pbints to 
be consider^ are — 
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/ (x) To allow of free expansion of the metal as it becomes 
heated. 

(2) To see that no water, soot, or hot ashes can rest 
against the plates, for any one of these would rapidly corrode 
the steel and lead to a serious accident. 

(3) provide ample space for the passage of the heated 
gases, so that they may not be retarded, or wire-drawn, on 
their way to the chimney. 

A cross-section of the setting of a Lancashire boiler, show- 
ing the circulation of the gases, was given in Fig. 67. Fig. 
76 is a longitudinal section showing the sliding iron door or 
damper f), in the passage leading to the chimney, by closing 
which the stoker can regulate the draught. 

The front of the boiler is free of the brickwork, so that 
it can move forward when expansion takes place. 

Steel expands -000,0066 foot, per foot, for each degree its 
temperature is raised. This boiler is a8 feet long; and for 
producing steam at 80 lbs. pressure per square inch, its 
temperature must be raised to 270^ above the normal 
atmospheric temperature; its length will, therefore, be in- 
creased when hot by — 

*0000066 X 28 X 270, feet 
* 0-05 foot 
B 0-6 inch. 

Consideration (a), mentioned above; is provided for by 
setting the boiler upon triangular fire-brick blocks, which 
stand 6 inches higher than the floor of the side flues (see 
Fig* ^7)- allows for a considerable accumulation of 
soot, and keeps the plates clear of all moisture. 

The bottom flue is 3 feet 6 inches broad, and a feet deep. 
The two side flues together are rather larger in area, as they 
teach up to the top of the water space in the boiler, and 
are 6 inches broad at the narrowest par^ to allow Ibr 
cleaning. 

Thewchimney for this boiler is 3^ square feet in section 
at the top. 

Where one chimney serves several bmlers, it is usual to 
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allow 1 square foot of cross-aaction for lo square feet of 
grate area. 

The use of a tall chimney is to produce a draught. 
Gases are expanded^yli&t, imd therefore the products of 
combustion in the chimney (which, when cold, would be 
slightly denser than air, on account of the added weight of 
the burnt coal) are, owing to their higher temperature, 
somewhat lighter than the air. For this reason they rise 
through the chimney, as a loosely fitting cork would rise 
through a vertical pipe immersed in water. Cold air rushes 
in through the ash-pit and fire-bars to take their place, and 
this, in its turn, becomes heated, and rises. 

A strong dmught becomes of importance when it is 
desirable to reduce to a minimum the size of the furnace 
and boiler required to produce a given amount of steam. 
This is especially the case at sea, where the effect of the 
funnel is frequently supplemented by a fan, and in locomo- 
tives, where the exhaust steam is used to create a rush of air. 

40 . Oaloidatlon of fko StreiMi ia a Boiler 8lioU.—The stress in the 
cylindrical portion of a boiler, due to an internal steam pressure, can 
lie determined as follows— 

Let d s diameter of boiler in inches (see Fig. 77). 

/ s the distance, in indies, between any two neighbouring cross- 
sections A FD and BEO (Fig. 77). 

/ s the tlucknesB of the plates in inches. 

/ 3s the stress in the plates in lbs. per in. 

/ = the steam pressure in lbs. per. sq. in. 

Imagine the portion of the shell under consideration to be divided 
into two equal parts, by the plane A BOD. 

It is obvious that the resultant force on either of these parts, normal 
to the plane A BOD. calls into play an equal and opposite tension 
across the sections AB and DO. 

This tendon will not be altered if one of the parts is replaced by a 
Bat, rigid plate. 

Therefore tension in shell « resultant pressure on remaining part 
as pressure on flat plate 

s / X d X /. 

But tension in plate as/ x 2 / x /. 

.%/X2fX/8s/X'dx/. 
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Let ns apply this rule to find the stress inthediell plates of the boiler 
described above. 

Here / s So 

.jr_ 80x90 
2 X i 

= 7,200 lbs. per sq. In. 


At the joint about one-third of the metal is cut away for the rivet- 
holes, so the force there will have to distribute itself over the remaining 
two-thirds, which will increase the strw in the ratio of 3 to 2, 
making it 


7 ? 9 P y . J = io,Soo lbs. i^r sq. in. 

2 

(a figure almost identical with that 
given on page 48, as a safe stress 
for mild steel). 

We found previously that the 
total pressure on each end plate of 
the boiler was 154 tons or ^,000 
lbs. This force causes a longitu- 
dinal tension in the shell whidi is 
distributed over the whole cross- 
section. Therefore the longitudinal 
tension per square inch 



348.000 
Vx/ 

346,000 X 7 X 2 


90 X 22 

S3 2,450 lbs. per sq. in. 


which is only about one-third of the drcumferential stress. 

Unfortunately no simple rules can be found lor determinhg the 
stresses in eithtf the end plates or the flues. 


Examples VII. 

1. A small Cornish boiler has a fiimoee 5 feet los^ and 3 feet broai^ 
how many pounds of water would you expect it to evapqiite per 
hour? 

2. Mention four qualifications of a good boiler. 
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3. Wimt advantages has the Lancashire over the Cornish boiler? 

4. The Cornish boiler in question i is 20 feet long and 6 feet in 
diameter. Its furnace lube is 3 feet in diameter. There arc no cross 
tube^ and the external flues surround two-thirds of the shell and back 
plate. Calculate the ratio of heating sur&ce to grate area. 

5. Sketch two views of the riveting in the shell of a Lancashire boiler, 

indicating the direction of the seams. . 

6. What is meant by caulking a boiler? 

7. Sketch a manhole door in position. 

8. Sketch a gusset stay, explain its use, and show how it is attached. 

9. Why must not the gusset stays in a boiler be placed too near the 
furnace tubes ? 

10. Sketch two views of a joint in the furnace tubes of a Lancashire 
boiler, and state why it is made in the form shown. 

1 1. Sometimes the above Joints are made by riveting angle rings round 
the ends of each section. Is this a better or a worse arrangement than 
that diown in Fig. 74? 

12. Sketch one of the cross water-tubes in a Lancashire boiler, and 
state its uses. 

13. Why is a fire-brick bridge bmlt in a furnace tube? 

14. Sketch the furnace of a Lancashire or Cornish boiler, indicating 
the arrangements for stoking and admitting air. 

15. Air enters the ash-pit of a Lancashire boiler ; state what occurs 
to it before It is disdiaigM from the chimney. 

16. Wliy is a Lancashire boiler set on raised blocks of fire-brick? 

17. Draw a plan of a Cornish boiler with its setting, indicating the 
flues Iqr dotted lines. 

18L A qrlindrical boiler 8 feet in diameter is to withstand a working 
pressure of 100 lbs. per square inch. Calculate to the nearest | ind 
the thideness of the shell, allowing a stress of lo^ooo Ibi. per square 
indi, and neglecting the effect of the joint 

19. In a joint with a single row of rivets (see Fi^. 71) the plates are 
I indi thick, the rivets are || inch diameter and i| inraes apart; calcu- 
late the efficiency of the joint (f. a the ratio of the cross-section oi metal 
left aftcf drilling the rivet-holes to the original cross-section). 

aa Make a longitudinal and also a transverse section of a Lanca- 
riiire boiler with its bildcwork settings. Indicate the eoniae of die 
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gases through the mtemal and external flues of the boiler to the chimney. 
Show also the construction of the fire-bridgCi and method of supporting 
the fire-bars. (S. and A. 1896.) 

21. Sketch and describe the construction of the front end plate of 
either a two-flued Lancashire boiler or a marine boiler, and diow how 
it is connected with the shell plates, and how it is otherwise strengthened 
or stayed. (S. and A. 1899.) 



CHAPTER VITT. 
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41. Steam Fipei and Sepaxatora. — ^The pipes connecting 
a boiler and engine must have freedom to expand, when 
heated by the steam passing through them, or they will 
become strained and leak at the joints. 



^ A right angle bend, with long arms, which can yield a 
little laterally, is the simplest means of providing this 
freedom. 

For safety a stop valve is inserted close to both engine 
and boiler. 
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The pipes are sometimes given a slight inclination towards 
the boiler, so as to keep them free from water, but, if this 
is done, a cock must be fitted to drain them while the stop 
valve is closed. . Fatal explosions have occurred more than 
once, owing to the violent hammering action set up when 
steam is suddenly allowed to enter a long pipe filled with 
water. 

It is safer and more satisfactory to insert, close to the 
engine, a steam separator, one form of which is shown in 
Fig. 78. Steam mixed with the moisture due to priming or 
condensation enters at and acquires a rotary motion as 
indicated by the ar^ws. The centrifugal forces thus set 
up cause the heavy particles of water to collect at the outside 
of the vortex formed, and the lighter, gaseous steam is drawn 
off in a dry condition through the central pipe B, The 
water, on the other hand, accumulates at C, whence it can be 
drained away through the pipe P. A gauge glass is usually 
fitted to show the amount of water present. 


42 . The Stop Valve. — ^Fig. 79 shows a stop valve suitable 
for pipes of from 3 to xa inches diameter. The seating 8 
for the valve is made of specially hard bronze. It is screi^ 
into a split ring sprung into a recess turned in the diaphragm 
of the cast-iron casing. It is thus readily replaced when 
damaged or worn, and it is free to expand with heat The 
latter consideration is of importance as the coefficient of 
expansion for bronze is greater than that for iron. 

The valve V is made of bronze in the smaller sizes, 'but 
in the larger sizes it is made of cast iron with a bronze 
ring screwed to it to form the steam joint It is guided 
by a projection passing through a light frame supported 
beneath it 

The bronze spindle B is inserted in a recess on the upper 
side of the valve and is retained in place by a screw^ cap. 
It has a screw thread cut upon it which engages with the 
crosshead C, and by means of this thread the valve is raised 
or lowered by turning the hand-wheel H. The crosshead is 
placed outside the i^ve casing so that the wearing of the 
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screw may be under observation. The gland Q prevents 
leakage of steam round the spindle. 

The "lift” of the valve need never exceed one quarter 
of its diameter for at that elevation the steam passage 
around it 


= 3T4^f X \d 
. ^ 

4 

> the cross-section of the pipe. 



^ Fig. 79.— Bailey's FUent Steam Stop Valve. 


Frequently the stop valve does not open directly into the 
boiler, but into a sep^tor consisting of a hollow casting, in 
the form of an inverted T, with a number of holes on the 
upper sides of the horizontal arms. This prevents q)zay 
tong carried away with the steam. 

^ On locomotives a stop valve that can be quickly adjusted 
is esseittial for regulating the speed; a conimon form is shown 
in Hg. 80. A dome is fitted on the top df the boiler to 
increase the steam space (see Fig. laa), and the iq;ulator is 
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placed within this. The rod R (Fig. 80) protrudes through 
the back of the boiler, and can he rotated by the driver. A 
small crank upon it actuates, through the link A, two flat 
valves which shde over a facing on the end of the steam-pipe. 
The inner valve has a slot, in place of a round hole, at its 
lower end ; hence a small rotation of R raises the outer valve, 
alone, and so opens the small port S. Through this the 
limited quantity of steam required to start the engine without 



Fio. lOi— Locomotive rignlator. 



Vio. 81.— Deiid we||^ 
mfety valvm 


shock can pass. A forthet rotation of R moves both valves 
and opens the huge ports. 

48 . Safety Tilves. — ^These are used to limit the maximuas 
steam pressure possible in a boiler. Hg. 8i is an example 
of the simplest type. 

The top of the branch pipe P is closed by the brass valve 
y wfaidi is loaded with a pie oS cas^iron discs jdaced on a 
f^ |i>w«i carrier. If die upward pressure of steam on the 
valve is gteato than the downwara pressure of die*wdghta 
upon it, it will lift and allow the steam to escape. 
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Ex, I. — safety valve two inches in diameter is to limit the steam 
pressure in a boiler to 80 lbs. per square inch ; calculate the weight 
that must be placed upon it 


Area of valve — sq. inches. 

7 

Total pressure on valve =s as 251 Ibi. 

•*. Load required =s 251 lbs. 



8a. — Lew lafety ralva. 


It is usual to reduce the heavy weight required to load a 
huge valve by interposing a lever, as shown in Fig. 82. The 
lever L turns about the steel fulcruin F and carries a weight w 
near its extremity; a pointed stud screwed' into it bws 
upon the valve 

Let P be the downward pressure on the valve ; then by 
taking moments about F we have— 

P X X ^ w(x-^y) 
or 

X 

If the student has not previously studied levers he should 
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verify this statement experimentally. A bar of wood (Fig. 83) 
may be used as a leveri and any 
fixture, say the edge of a table, as 
fulcrum, while the upward pull of 
a spring balance may be used to re- 
present the steam pressure tending 
to lift the valve. 

Ex, 2 , — A 2-inch lever safety valve Is 
to blow off at So lbs. pressure per square 
Fig. 83. inch ; the distances cu the valve centre 

and the weight from the fulcrum are 2} 
inches and 15 inches respectively ; find the load required. 
c 

From Ex. /, the total pressure of the steam on the valve =? 251 lbs. 



.% P as 251 lbs. 

X +y = 15 inches, 
jr = 2 { inches. 

Now/»=: 


X 

X 


Otw SS p 

x^y 
ae 251 X ^ 

^ *5 

,% ms: 42 lbs. 


NoTB.~This result would really be rather too large, as no allowance 
has been made for the weights of the lever and valve. 


Gravity-loaded safety valves can only be used on stationary 

boilers, in all other cases 
the weights must be re- 
placed by springs. 

A lever safety valve^ in 
which the weight cer is re- 
placed by an inverted spring- 
balance, was used for many 
years on locomotive^ but 
unscrupulous drivers and 
firemen found that they 
could save themselves work 
by tightening the spring. 
To prevent this, the Ramsbottom valve (Fig. 84) was 



Vm. 84.— RaiiuKbottoni*i loeomodw 
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introduced. In this the load, when once set, cannot be 
increased ; on the other hand, the driver can relieve either 
of the valves and V^, to xnake sure that they arc quite 
free, by pressing the arm A upwards or downwards. 

The loose links L prevent the valves being blown away 
if the spring breaks. 

The reader will observe that the load on a valve is always 
applied at a point below the rim which supports it; this 
prevents it canting over when displaced. 

It should be noted that, as a spring-loaded valve opens, the pressure 
upon it increases. In a gravity-loaded valve, on the other hand, the 
pressure remains constant. The latter has, therefore, some slight 
advantage over the former. 

>^44. The Feed Pump. — ^The water supply has to be 
forced into a boiler against the pressure of the steam ; 
Fig. 85 is a sketch of a simple pump for this purpose. The 
plunger P is driven by the main engine or by an auxiliary 
steam cylinder placed in the boiler-house. As it moves 



Fig. 85.— Feed-pump and check valve. 


upwards water flows in through the suction vahre 8V to take 
ks place. On the return stroke this water is driven out of 
the pump-bairel again, and, since its pressure doses the 
siictiowvalv^ it can only escape by lifting the delivery valve 
DV and passing along the feed-pipe. 
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Fig. 85A represents a la^er and more efficient feed-pump, in which 
the pressure of the steam, in the upper part, is transmitted directly to 
the water, in the lower part, through the 
rod la t 

This pump is double acting, the operations 
performed on each 'side of the plunger (20) 
oeing similar to those describe above for 
a single-acting pump. The figure shows 
the suction and delivery valves (19 and 14) i 
for the upper side of the plunge only, those 
for the lower side are behind these and are 
exactly similar. The valves consist of 
groups of small circular discs mounted on 
central pins. 

The main slide valve for the steam 
cylinder is cylindrical baH is moved hori- 
zontally by the pressure of steam upon its 
piston-shaped ends. This pessure is 
regulated ^ an auxiliary valve slid^ upon 
a flat portion of the bade of the main valve, 
and actuated the piston-rod through the 
lever (5) and the rod (2). 

When the piston (12) readies the top of 
the r^linder, the auxiliary valve will be 
raised and will admit steam to the for end 
of the main valve so that the latter will be 
driven towards the observer. In that 
position it will connect the upper end of 
the cylinder with the steam chest and the 
lower end widi the exhaust pip& When 
the piston reaches the bottom of the cylinder 
the auxiliary valve will admit steam to the 
near end or the main valve and connect 
the end with the exhaust; the main 
valve will thus be driven away fiwm the 1 
observer so as to admit steam to the lower 
end of the cylinder and connect the upper Fig. 85A.— Weii Feed Pum^ 

end vrith the exhaust. 



There is always a second delivery valv^ or c/ieci vahe^ 
called also a non-return" valves close to the boiler, to 
allow of the pump bdng disconnected while steam is up. 
This may consist^ as in Fig. 85, of a simple "mushroom" 
valve, wtA a fixed stop above it to keep it fixim rising too 
far. 
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If the feed tank is at a higher level than the boiler, 
there is a danger of the latter being flooded with water when 
steam is not up. To prevent this the stop, mentioned 
above, is replaced by a screwed spindle^ similar to that in 
79> but with a plain end, by means of which the valve 
may be held down firmly upon its seat 
A pipe is fitted inside the boiler leading the feed water 
from the check valve to some point where its delivery will 
best promote circulation. In a Lancashire boiler, for 
example, it is discharged horizontally at about the level of 
the furnace crowns, 9 or zo feet from the front 


In locomotives steam is used directly to force water into the boiler 
through an injector^ the action of which unfortunately involves 
considerations which cannot be entered into here for lack of space, 

Ajt. a feed-pump plun^r 2 inches in diameter is driven by an 
eccentnc of x) inches throw, keyed to a shaft making X40 revolutions 
pa minute. Find the cubic feet of water forced into the boiler per 
minute, and the hofse-oower absorbed, if the steam pressure is 80 lbs. 
per square indi. 


Area of plunger » V indiea 
Stroke of plunger s 3 inenes. 

Water discharged into boiler per in-stroke b cubic feet, 

7 X 1720 

/ Water discharged into boiler per minute » 

rs 0*76 cubic foot 

Pressure on plunger during in-stioke ss 80 x y lbs. 


Distance moved against this pressure per minute s feet 

•*. Horse-power absorbed s ^ 40 ^ 3 ? 

7 X 12 X 33,000 
B 0*27 hone-power. 


45. The Blow-off Cook.— This is connected to the lowest 
part of the boiler, and is used for drawing off the water. 
The pit and connections for the blow-off cou aie shown in 
Figs. ^9 and 76, and the qodk itself in Fig. 86. 

It is made of gun metal and packed with asbestos. A 
box-key is used for turning it and a projection on this, 
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passing through a corresponding slot in the gland cover, 
prevents its removal before the cock is properly closed; 
this is a very necessary precaution, as leakage in such a 
place might easily escape observation. 

46. Water-level Oauges.— Two glass water-level gauges. 



Fig. 86.— 
eodb 


Fin. 87.— Water-levd 
gAUfeglan. 



similar to Fig. 87 , are usuaHy fitted, as the glasses are liable 
to brak, and tate some time to replace One end of eadi 
is with the bmler above the highest allowable 

water-levd, and the other below the lowest. They«can be 
by uwans of the coito At A, and thdr accnia^ 
may te checked finm time to time by closing these and 
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opening the “ blow-through ” cock B. If, on closing B and 
re-opening the water does not immediately return to its 
previous level in the glass, it is evident that one of the 
passages has become choked. 

For additional safety when high pressures are used a metal 
ball is placed in a cavity in each of the gauge^lass mountings. 
These form automatic valves which normally rest open 
their own weight, but the sudden rush of water and steam 
which occurs when a glass breaks is sufficient to lift and 
dose them. 

*^47. The Fressure Gauge. — ^This consists of an oval 
tube r, Fig. 88, bent into an arc of a drde^ one end of 
which is connected with the boiler ; the other end is closed, 

and is linked to a rack, 
gearing with the pinion 
wheel P, which carries 
a pointer. The appli- 
cation of internal pres- 
sure to such a tute is 
found to cause its free 
end to move outwards 
through a distance pro- 
portional to that pres- 
sure; this motion is 
registered by the poin- 
ter. 

Heat would also 
cause the tube to 
change its form, and 
therefore steam must 
not be allowed to act 
directly upon it, but only through the column of water whic^ 
will collect automatically, by condensation, if the connecting 
pipe is made in the form of a syphon, and is of sufficient 
length. 

48i Gther Honntinga.— A small Vaouum Valve tqiening 
inwards ^hould be fitted to a boiler to admit air whra the 
fires areildrawn and the steam condenses. 



Fus. 88.— Steam prassiira gauge. 
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A Scum Cock (similar to the blow-ofif cock^ but connected 
to an internal pipe or trough near tlie surface of the water) 
allows of scum being discharged without interfering with the 
working of the boiler. 

A Low-water Indicator is fitted to large boilers. It is 
actuated by a float placed upon the water whichi if it falls 
too low, releases a safety valve, blows a whistle^ or gives in 
some other way the necessary warning. 

A Fusible Plug, consisting of a brass tube filled with a 
mixture of lead and tin, is screwed into the furnace tube 
above the grate. The soft metal will melt if the temperature 
of the boiler becomes dangerously high, and the escaping 
steam will put out th^'fire. 


Examples VIII. 

1. How Is expansion allowed for in setting up steam-pipes? 

2. How would you take the steam stop valve (Fig. 79) to pieces fbi 
repain? 

3. What Is the greatest lift that need be allowed for a 6-inch stop 
valve? Give a reason for your answer. 

4. What parts of a stop valve are made of brass, and why is this 
metal chosen for them ? 

5. Why is a special form of relator necessary on locomotives ? 

6. What load must be placed on a ai-inch dead weight safety valve, 
if it is to “blow off" at 60 lbs. pressure per square inch? 

y. A 4-inch dead weight safety valve carries a load of 550 lbs. At 
what steam pressure will it lift ? 

6. In the model diown in Fig. 83, « a 4 inches, jr sb xo inches^ 
and or s 4 lbs. What load will the balance register? 

9. In a 2-inch lever safety valve the fulcrum is 3 indies from the 
centre of the valve, and the wwhtis 15 indies from the fnlcmm. 
Wi^ load must be used for the vmve to mow off at xoo lbs. pressure 
per square inch? 

xa How could a gravity-loaded lever safety valve be modified for 
use at sea? 

IX. A boiler generates 3,000 lbs. of steam per hour ; its feed-pump' 
plunger is 2 incM in diameter and has a stroke of 12 inches. ^ uow 
many strokes (In and out) must it make per minute? 

I lb. of water B wifi cnbic foot 
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12. In the pump shown in Fig. 85, what would happen if the 
pressure in the boiler fell below that of the atmosphere? 

13. Sketch a glass water-level gauge, and state the use of the three 
cocks fitted to it ^ 

14. How would you test a gauge glass to see that it was registering 
the correct water level? 

15. Why is a vacuum valve fitted to a boiler? 

16. What is the use of a fusible plug? Where should it be placed? 

17. Make a rough sketch of any boiler, *and indicate the position 
of the following mountings upon it : — safety valve, slop valve, check 
valve, blow-off cock, and gauge glass. 

18. Describe with sketches any form of locomotive regulator valve to 
admit steam from the boiler to the cylinder steam-chests. (S. and A. 
190a) 

19. Sketch the construction of a lever safety valve with balance 
weight, and state under what circumstances such a construction could 
not be used. If the lever be 16 inches in length, and the centre of the 
valve seat is 4 inches from the fulcrum, while the diameter of the valve 
is 4 inches ; find the weight to be placed at the end of the lever so that 
steam may blow off at a pressure of 45 lbs. per square inch, the 
weight of the valve and of the lever being neglect^ (S. and A. 1896.) 

20. Explain and show, with sketdies, the construction and action of 
the force pump employ^ for feeding the water into a boiler when an 
injector is not used. 

Sketch also in section the clack or non-return valve attached to the 
boiler. How is the pump prevented from forcing water into the boiler 
when the engine is running but a supplj of water is not required ? 

The ram of sudh a pump is 2 inches in diameter, and has a stroke of 
24 inches. How many gallons of water (neglecting leakages) would be 
forced into the boiler for each 1,000 double strokes (one forward and one 
backward) of the pump? 

1 gallon B *16 cubic foot (S. and A. 1897.) 

21. Describe and show by a sketch the construction of Ramsbottom’s 
safety valve for a locomotive engine. How are the lever and valves 
prevented from flying off in the event of the spring breaking? If in a 
Ramsbottom valve the two valves each have a diameter of 2^ inches, 
what would be the pull on the spring when steam is just blowing off at 
a muge pressure of 140 lbs. to the square inch ? (Neglect the weight 
or the vuves and connectums.) (S. and A. 1897.) 
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HEAT. 

49 . CombnstioiL — ^The thoughtful student will by this 
time have realized that the power of a steam-engine is 
supplied from the fuel burnt under its boiler; this is its 
food, so to speak, the mechanism corresponds merely 
to the digestive organs, the arteries, the nerves, and the 
muscles. Our reason for using the steam-engine at all, is 
that its fuel costs vety much less^ in proportion, than the 
food of horses or other beasts of burden. The following 
figures are instructive — 

One hundred horses working 8 hours a day would eat per 
day 2,800 lbs. of food (com and hay), costing, say, 

To drive a xoo horse-power engine for 8 hours 2,400 lbs. 
of coal must be consumed, costing, say, z8 shillings. 

Tbough oil, wood, and even straw are burnt, under special 
circumstances, in boiler furnaces, coal is by far the com- 
monest fuel, because it produces heat at the least expense. 

When fuel is placed so that a stream of air can pass 
through it, and ignited, a chemical action takes place which 
produces a large amount of heat. 

Air consists of two gases, oxygen and nitrogen^ mixed in 
the proportion of 1 lb. of the former to 3^ lbs. of the latter. 

Fuels, on the other hand, consist princii^ly of carbon and 
hydrogen During combustion the oxygen of the air com- 
bines with both of these, forming carbon dioxide gas with 
the carbon, and steam with the hydrogen. 

If carbon is burnt in an insufficient supply of oxygen 
carbon monoxide gas will be formed. In this reaction only 
^ of the heat available is developed. Carbon monoxide 
will itself bum in oxygen and form carbon dioxide when the 
remaining ^ of the heat will appw. 

When coal is first heated gaseous combinations of jiydro- 
gen and carbon are given off which also require oxygen for 
their combustion. 

XS7 K 
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In a well-designed and properly stoked boiler, just 
sufficient oxygen will be supplied above the fire-bars to bum 
all the inflammable gases foriged (the carbon monoxide 
and hydrocarbons), and the back of the fire at least will be 
kept bright enough to ensure their ignition. 

The least amount of air which must be supplied to any furnace may 
be estimated ^ follows : — 

A pound of coal contains *8 to *9 lb. of rarbon, *05 lb. of hydrogen 
and a small quantity of oxygen, sulphur and ash. Of the products of 
combustion the carbon dioxide contains 2} lbs. of oxygen for every 
pound of carbon, and the water contains 8 lbs. of oxygen for every 
pound of hydrogen. We may say, therefore, that each pound of cosu 
requires 

* 9 x 2 ]+ *05 X 8 , or 2*8 lbs. of oxygen, 
and this will be contained in 

2*8 (1 + 3i), or 12-13 lbs. of air ; 

12 lbs. may be remembered as a round number. This quantity is 
always greatly exceeded in practice, since it is impossible to mix the 
oxygen and coal so thoroughly that none of the former gets through 
unconsumed. 18 to 20 lira, of air per pound of coal is the least 
practicable allowance. 

60 . Temperature. — ^The term heat has been used up to 
this point to express the cause of certain phenomena with 
which all are acquainted ; we must now go a step further, 
and distinguish between the quantity of heat in a body and 
its intensity. 

Every reader could tell the difference between hot water 
and cold, because he can estimate roughly, through his sense 
of touch, the intensity of the heat in each, or their tempera- 
fure; he might also have distinguished between them by 
observing that, weight for weight, the hot water occupied 
the greater volume. This ex|>ansion of substances with 
heat, which is almost universal, can be accurately determined, 
and it provides us with a ready means of measuring tempera- 
tures. Mercury is used as the expanding substance, as it is 
more suitable for the purpose than water. In a mercurial 
thernY)meter a glass bulb fi. Fig. 89, at the end of a fine 
tube is filled with this liquid ; the tube is then sealed, all 
trace of air being first removed from it. When the bulb is 



HEAT. 


129 


T 


heated, the mercury expands more than the glass, so that 
some of it has to pass into the tube, and this quantity 
measures the difference of expansion, and therefore the 
change of temperature. 

To establish a standard of comparison between the read* 
Ings on all such thermometers it is necessary 
to fix upon two definite temperatures at 
which the level of the mercury in their tubes 
may be compared. For this purpose the 
freezing temperature and boiling tempera- 
ture of pure water are chosen, as these are 
quite constant under the normal atmo- 
spheric pressure. 

Unfortunately there are two systems in 
vogue for dividing the interval between the 
points thus found. 

In the Centigrade system (left hand side. 

Fig. 89), used in many countries abroad, 
and by scientific men at home, the freezing- 
point is marked o, and the interval is divided 
into 100 divisions, called degrees centi- 
grade; thus the boiling-point is marked 


m\ 


so\ 
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Fio. 89. -Thermo- 
neter wiih centi- 
grade and Fahrenheit 


In the Fahrenheit system (commonly 
used in England), the freezing-point is marked 32, and the 
interval is divided into 180 parts called degrees Fahrenheit ; 
thus the boiling-point is marked 2x2° F. 

According to these divisions each degree Fahrenheit is 
or I of a degree centigrade. 


Ex. /.—A Fahrenheit thermometer reads 68* F. ; what would a 
centigrade thermometer read at the same temperature? 

68* F. means 68 - 32 s 36* F. above the freezing-point. 

36* F. = 36 X t = 20* C 

•*. the mercury in the centigrade thermometer would stand It ao* C 
abm the freezing-point, and, as the latter is at o* C, the reading on 
the scale would m 20* C 
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61 . Quantitative Measurement of Heat. — From measur- 
ing the intensity of heat in a body, the next step is to deter- 
mine the quantity of heat required to make some definite 
change in that intensity. Before learning how this is done, 
the student should make two simple experiments which will 
illustrate some of the difficulties of the problem, and will 
show him the reason for our making quantitative measure- 
ments in the way we do. 

Experiment i. — ^Take two similar, thin, metal or glass 
vessels; into the first pour i lb. of water, and into the second 
pour 2 lbs. ; heat each in turn for 5 minutes over the same 
gas-burner, or spirit lamp, keeping the water stirred, and 
noting the rise in its temperature. 

It is reasonable to suppose that each vessel receives the 
same amount of heat, and yet the temperature in the first 
vessel will have risen twice as much as that in the second. 
This shows that the quantity of heat required to effect a 
given change of temperature depends upon the amount of 
material that has to be heated. 

Experiment a. — Put 1 lb. of iron nails, or iron filings, 
into a small vessel, standing in a larger vessel containing 
water. Heat the latter over a flame till its 
contents are raised to a temperature of 212° F. 

Four a pound of water into a canister, and 
insert this in a slightly larger canister, letting 
it rest on slips of cork so that there may be a 
narrow air space all round it to prevent loss 
of heat by conduction or radiation (see Fig. 
90^. Note the temperature of the water. Let 
this be 62^ F., for example. 

Now plunge the nails into this water, stir it 
well, and note the reading of the thermo- 
meter. In the case taken, this would be 
about 77® F. 

Neglecting small losses, the heat given up 
by the*' iron must equal that gained by the water, but the 
I lb. of iron has been cooled 212 - 77, or 135® F., while the 
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same weight of water has been raised in temperature 77 - 62, 
or IS® F. 

This shows us that the quantity of heat required to effect 
a given change of temperature in a given weight of a 
substance, depends upon the nature of that substance. 

These two experiments taken together show that, to 
estimate heat quantitatively, three things must be known. 

1. The nature of the material absorbing the heat. 

2. Its weight 

3. Its change of temperature^ 

In this country the «3nit of heat adopted, called the British 
Thermal Unit, is as follows — 

The British Thermal Unit is the amonnt of heat re- 
quired to raise the temperature of one pound of water 
one degree Fahrenheit. 

To be quite accurate the water should be defined to be at about 
60 * F., for the amount of heat required to raise a given quantity l* F. 
varies slightly with the temperature. 

The amount of heat in thermal units required to raise 
one pound of other materials through x® F., has been care- 
fully measured by experiments similar to Experiment 2. 
This quantity is called the speoifio heat of the material 

llie following table of specific heats will be useful for 
future reference — 


BfftCcrial. 

Specific heat. 

Water 

I'OO 

Iron ■ a • . • 

*XI 

Copper a a . . a 

•09 

Fire-brick .... 

•20 

Flue gases at constant pressure . 

•25 


£x, A— In a boiler furnace ao lbs. of air are used per lb. of coal ; if 








HEAT. 


13a 

tlie air enters the ash-pit at 80* F., and leaves the flues at 400* F., bow 
much heat is carried up the chimney? 

We^ht of flue gases = weight of air+ weight of coal 
= 21 lbs. 

Rise in temperature of gases = 400 - 80 = 320” F. 

Specific heat of gases = *25. 

• *• heat carried away = 21 x 320 x '25 
» 1680 Th. U. 



Fig. 91.— Coal calorimeter. 


82. Heating Value of Fuels. — It is not easy to determine 
accurately the quantity of heat produced by the combustion 
of a given weight of coal; the student should, however, 
make some rough experiments for himself with a calorimeter 
similar to that shown in Fig. 91 . 

A sample of the fuel to be tested is ground to a fine 
powder, and compressed into a briquette. When the latter 
has been carefully weighed, it is placed in the porcelain 
crucible C, and is enclosed in a watertight casing, consisting 
of a glass cylinder 0 , held between two metal plates ; rubber 
rings are inserted between the cylinder and plates to prevent 
leakage. This casing is immersed in water contained in an 
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outer vessel V which, in its turn, is surrounded by a wood 
covering, to protect it from loss of heat. A window in the 
side of the vessel V allows the progress of the experiment 
to be watched, 

Pure oxygen gas is used in place of air, in order to ensure 
rapid and complete combustion. The gas may be supplied 
from a storage cylinder, and is introduced through the tube 0. 

The briquette is ignited by means of the platinum wire 
loop /, which can be brought into contact with it and then 
raised to a red heat by means of an electric current. The 
stream of fresh oxygen entering through 0 drives the pro- 
ducts of combustion before it down the two short pipes 
P, and past the non-return valve N ; so that they bubble up 
through the surrounding water, giving up their heat to it 
and keeping it stiired. 

The rise in temperature of the calorimeter is noted by the 
delicate thermometer /. 

Let 7V a weight of coal burnt 

W » weight of water in calorimeter. 

T = rise in temperature of water. 

K » the thermal units absorbed by the calorimeter, 
per degree rise of temperature (this is the sum 
of the weights of the immersed portions mul- 
tiplied by their respective specific heats). 

Then, the heating value of the coal per pound 

Th. u. 

For rough experiments the heat due to the electric current can be 
assumed to balance that lost by radiation. 

The heating values of coal-gas and oil are mom easily 
determined than that of coal, because they can be burnt 
continuously at a uniform rate. 

A simple gits calorimeter, which may also be uset^for oil, 
is shown in Kg. 99 . It consists of a hollow metal vessel, 
through which water can circulate^ and which is protected 
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from loss of heat through radiation by a polished outer 
casing. 

The gas, after passing through a meter (not shown), is 
burnt in the bunsen burner B. The products of combus- 
tion pass, first upwards, as indicated by the arrows, then 
downwards through a number of small tube^ where they 
give up their heat, and they finally escape into the air at about 
atmospheric temperature. The circulating water, which 



absorbs all the heat produced, enters at / and leaves at 0. 
Its initial and final temperatures are indicated by the 
thermometers A, and ^ determined 

by measuring the amount discharged in a given time. 

Let Q » cubic feet of gas burnt per min. 

W B weight of water discharged per min. ^ 

T a rise of temperature of water in passing through 
calorimeter. 

They heating value of gas per cubic foot 
-ly! Th. U. 
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The following figures should be committed to memory, as 
they are of frequent use to the engineer in making rough 
preliminary calculations. 

(a) One pound of coal is capable of producing from 14,000 
to 15,000 British thermal units of heat, according to its 
quality; 14,500 is a convenient average value to remember. 

(b) One pound of paraffin oil will produce about 19,000 
thermal units. 

{c) One cubic foot of lighting-^gas will produce about 650 
thertnal units. 

The heat equivalent of methylated spirit, viz. 10,500 thermal units 
per pound, may be added to this list, as some students will doubtless be 
using it in making experiments on their own account. 

53 . Effect of Heat on Water. — It has been noticed 
already that at a certain temperature, called aia^F., and 
100° C., water, in an oj^en vessel, under the normal atmo- 
spheric pressure, will boil ; that is to say, a gas, named steam, 
is formed in it, which rises to the surface in bubbles and 
mixes with the air. If the boiling is continued long enough, 
all the water will turn to steam, and if the steam is collected 
and cooled it will change to water again. 

To make the process clearer, let us supjxise that the 
water is contained in a cylindrical vessel, and that the 
steam formed is prevented from escaping by a light piston. 
For clearness, we will suppose that the pressure of the 
atmosphere is removed and replaced by an equal weight 
resting on the piston. The reason for keeping this pressure 
carefully in mind will be seen later. 

A (Fig. 92a) shows the water before it is heated ; in it 
is supposed to be boiling. Since the steam occupies a 
greater volume than the water firom which it is formed, it 
has to raise the weight on the piston ; hence it is easy to 
see that the water cannot boil unless the steam prodyced is 
at a sufficient pressure to overcome this weight 



136 


HEAT. 


Steam in presence of water is called saturated steam 
because, if it is cooled, some of it will immediately turn to 
water again. 

Suppose that all the water has been turned into steam (as 
in C) and that heat is still applied to the vessel. The steam 
will continue to absorb this heat and will, as a consequence, 
expand. It is then called superheated steam^ because it 
will part with the extra heat supplied to it before any of it 
changes back into water. 

The steam generated in all boilers is of necessity saturated 
steam, and it is usually supplied to the engine in this con- 
dition ; sometimes, however, it is superheated after leaving 
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the boiler. The advantages of the latter process win be 
dealt with in Chapter XII. 

Experiment 3. — ^Take a thin vessel, pour into it one 
pound of water, and place it over a small steady gas or 
spirit flame. Keep the water well stirred and note its 
temperature every mmnt^ till it has been boiling some 
minutes; then remove the flame; and re-weigh the water as 
quickly as possible. 

Observations made Iqr the author during an experiment 
of this nature are given below. The student should be 
able ttPmake the same deductions from his own results; as 
are made fiom these. 
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Weight of vessel, 5 oz. 

Weight of water and vessel before experiment, i lb. 5 oz. 
Weight of water and vessel after experiment, i lb. oz. 
*. Weight of steam produced 

« I lb. 5 oz. - I lb. 1} oz. 

« 3 i 02 - 


Time. 

Temperature. 

7-23 

40 

7.84 

61 

7.25 

82 

7.26 . • 

102 

7.27 

120 

7.28 

139 

7.29 

158 

7.30 

177 

7-3* 

194 

7.3*, 

208 

7-32J 

212 boiling commenced. 

7-35 

212 

7.38 

212 

7 . 4 >i 

212 flame removed. 


In Fig. 93, OhO is a curve plotted between these times 
and the corresponding temperatures.^ It will be seen from 
this that the thermometer rises st^ily at first, then more 
slowly as steam begins to form, till it becomes stationary at 
212® F. 

It is safe to assume that the water was receiving heat at 
practically the same rate throughout the experiment. What 
then became of the heat after the boiling-point was reached ? 
It must have been used up in generating the steam, and it 
must also have changed its nature in the process. ^ 

The term LaUnt Heat is applied to heat which is em- 
ployed in the formation of steam, and which ceases to affect 
the thermometer. 

Produce the straight part of the curve OA (Fig^ 93) to 
> The studeot will of oomie plot his own results on squared paper. 
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intersect a perpendicular BOD drawn through 0 . Then, if 
all the heat supplied had remained sensible heat, the final 
temperature of the water would be represented by that 
is to say it would have been 394°. Since one pound of 
water was taken, 394 - 40 thermal units would, therefore, 
have been suppli^. 

It is evident from the figure that 394-212 or 182 of 
these units have changed to latent heat in generating 3^ oz. 





of steam. Therefore, according to the experiment^ the 
latent heat of 1 lb. weight of steam is 

» 832 -rh. u. 

3j 

Careful experiments made with delicate apparatus show 
that this figure is much too small, owing, probably, to some 
particles of unevaporated water being carried away by the 
steam. The correct quantity^ is 966 thermal units. 

When steam condenses, its latent heat changes back 
again into sensible heat^ and therefore the results of 
Experiment 3 may be ch^ed as follows — 

K 

Expbrimbmt 4. — Take a canister protected from loss of 
heat (like that used in Experiment aX and pour into it 
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lbs. of water at a temperature /. Blow steam into this 
through a short pipe, till the temperature has risen to 
say /j. 

The weight of water in the canister will thus be increased 
by w lbs., the weight of the steam condensed. 

I^t L equal the latent heat of one pound of steam. 

The heat lost by the steam is 

«f/i + w (212 - /j) 

The heat gained by the water is 

These quantities are equal, as there is no loss or gain of 
beat; hence 


wL + w (212 - /,) = ly (/, - /j) 
wL -W {t^- - w (ai2 - /,) 

••• («»-'*) 

an equation from which L can be calculated. 

The student must not imagine that the phenomenon of 
latent heat is confined to steam alone, it occurs when any 
liquid substance evaporates and also when any solid melts. 

64 . The total heat of Steam at any Pressure.— So far 
we have exclusively dealt with steam at atmospheric pres- 
sure, and we have found its temperature to be 212^ F. If 
the pressure is raised, the temperature rises also, and if the 
pressure is lowered, the temperature falls. 

Experiment 5 — Every student should verify these state- 
ments for himself by getting up steam in a small boiler, 
like that sketched in Fig. 94, consisting of a spherical vessel 
containing water and mercury. The temperature of the 
steam generated in this is measured by the thermometer T, 
and its pressure by the height of the column of merpury it 
will sup^rt in Qie vertical glass tube Q. 0 is a code for 
relieving the steam pressure. 
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Let M be the height of the column which can be sup- 
ported by steam at a temperature and let A be the cross 
section of the tube Q. The pressure of the steam can be 
calculated as follows — 

The weight of a cubic inch of mercury a -49 lb. 

The steam pressure on an area of A square inches 
supports X M X A lb. of mercury^ 



Fig. 94.— Marcet'a experimental boiler. 


*. The Steam pressure in lbs. per square inch 



B '49 M lb. per square inch 

A rfading of the barometer should be taken before com- 
mencing the experiment and the atmospheric pressure 
deduced from it. 
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A senes of simultaneous readings of pressure and 
temperature may then be recorded as shown below 

Barometric height « 30 inches. 

.*. Atmospheric pressure = *49 x 30 

= 147 lbs. per sq. inch. 



The following method of performing Experiment 5 is given for the 
benefit of those readers who have to construct their own apparatus— 

Heat a long glass tube about two inches from one end till it is red 
hot, then draw the short piece away. This 
will leave a closed end. Heat the glass n 

again, in a ** fishtail’* burner, till it can be 1 1 

bent into the form of the letter **«/,*’ the [J 

long arm being opm (see Fig. 95). ‘ 

When the tube is quite cold, j^rtially fill j 

it with water. Boil this till only a small . 

amount remains, and immediately plunge I 

the open end into some mercury; the latter Mnt/?f/PKL I 
will then take the place of the steam as it 

condenses. The apparatus is now ready for ^ 

the experiment. \ ^ 1 

Immerse the lower part of the '•</** in a c=== I 

Imth of oil or melted fat placed over a flame. f1 1 

Keep the bath well stirred, and note its i I 

tem^ratnre when the water begins to ' 2 ^ 

cenhrate steam of sufiiaenc pressure to lift I ir ^ 

Uie mercury. The pressure of this steam I MT.". T 

can be calculated from the difference ot 
level, M (Fig. 9$), of the mercury in the 
two arms of the tube. Its temperature is 95 ^ 

obviously that of the surrounding liquid. 

M can be varied adding or removing mercniy, and it niay even 
be made negative, in which case the water would be subjeetd to a 
pressure less than that of the atmosphere; 


subjected to a 
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The student will see from the results he obtains that the 
temperature of saturated steam, or, what is the same thing, 
the boiling-point of water rises as the pressure increases, and 
also that there is a definite temperature for every pressure. 

On the strength of this fact engineers might fit thermo- 
meters to their boilers in place of pressure-gauges, and 
state that the safety-valve blows off at such and such a 
temperature. 

Fusible plugs (see § 48) are in fact frequently used as 
temperature safety-valves. 

The latent^ as well as the sensible heat, of saturated steam 
changes with the pressure ; it decreases, however, instead 
of increasing, as the latter rises. 

There is, unfortunately, no simple method of demon- 
strating this fact. Regnault, a French scientist, was the 
first to establish it. He made, about 1847, a most careful 
and laborious series of experiments, and from these he 
proved that the following simple formula expressed very 
nearly the total heat H {i.e. the sensible heat plus the 
latent heat) required to convert a pound of water at 32^ F 
into saturated steam at any temperature F. 

H = 1082 + *305 /. 

If the centigrade scale of temiteratures is used, and the unit of heat 
is defined as the quantity required to raise one pound of water one 
degree centigrade, this equation becomes 

//s 606-5 + -305/. 

A table worked out from Regnault’s results is given at 
the end of the book (page 219). The student should, as 
an exercise, plot curves on squared paper between the 
absolute pressure of steam and its volume^ temperature and 
total heat. If these are drawn to a laige scale they will be 
useful for reference. 

When water at some higher initial temperature say, 
has to be dealt with, the heat required to convert it into 
steam at a temperature / is, of course, 

,, 1082 - (If - 3*) + '305 f Th. U. 

i.e. 1114 — + -305 /Th. U. 

The latter formula should be committed to memory. 
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We are now in a position to calculate the heat received 
by the steam generated in a boiler, and to find what 
proportion this bears to the heat produced in its furnace, 
a most important consideration to every steam user, for 
waste of heat means waste of fuel, and therefore waste of 
money. 

The best way of showing the efficiency, or otherwise, of 
a boiler is to draw up a balance-sheet showing how the 
heat from each pound of coal burnt is accounted for. The 
method will be made plain by an example. 

Ex. j.— In a certain boiler trial the following figures were noted. 


Draw up from them a he^t balance-sheet. 

Lbs. of coal burnt 3 .cxx) 

Heat equivalent of coal Th,U. 14 > 5 ^ 

Lbs. of air supplied per lb. of coal 24 

Teinperature of boiler-house *F. So 

„ at base of chimney ”F. 43 ^ 

Lbs. of water evaporated 18,000 

Temperature of feed-water *F. lOO 

,, ,, steam F. ... ... ••• 37 ® 


Heat lost in flues per lb. of coal (see page 127) 
« 25 X (430-80} X '35 
=s 2187 Th. U. 

Heat given to each lb. of water 

ss 1114 - 100 + *305 X 370 
as 1126*8. 

Lbs. of water evaporated per lb. of coal 

asViW«9llw. 

.*. Heat given to water per lb. of coal 
as 9 X 1126*8 
SB 10,141 Th. U. 


Balancb-Shbkt. 


Heat given out in 
burning lib. of coal 

Th.U. 

Heatgiven to plbs. ofsteam 
Heat lost in chimney . . 
Balance being heat lost by 
radiation, etc. • • • • • 

i 

14,500 


14.500 
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Examples IX. 

1. State briefly what happens when coal bums. 

2. Show how the least quantity of air required to bum one pound of 
coal is estimated. Why is this quantity always exceeded in practice ? 

3. Sketch and describe a thermometer. For what purpose is this 
instrument used ? 

4. llow is a thermometer graduated 7 

5. The normal temperature of the human body is 98* F. Express 
this in degrees centigrade. 

6. On a certain day the mean temj^ratures at Paris and London 
were 18* C. and 65* F. respectively. Compare these figures. 

7. Distinguish between the intensity of the heat in a body and the 
quantity of heat in that body. Define the units in which each is 
measured. 

8. A swimming bath contains 500 tons of water; how many thermal 
units are required to raise its temperature 14* F. 7 

9. Define specific heat 

la Draw a diagram on squared paperj showing the loss of heat in a 
chimney when the air supply varies from 12 to 30 lbs. per lb. of coal. 

Temperature of boiler-house 80* F. 

„ g, chimney 480” F. 

11. Describe an experiment for determining the calorific value of 
coal-gas. 

12. Calculate the calorific value of a sample of coal from the following 
experimental results — 

Weight of sample s *004 lb. 

Weight of water in calorimeter = 6*3 lbs. 

Constant of calorimeter (f.c. heat 
absorbed per degree rise of 
temperature) s -7 Th. U. 

Initial temperature of water s 55*3* F. 

Final temperature of water = 637* F. 

13. Calculate the we^ht of coal required to heat the water in question 
8, assuming the eflidency of the furnace to be ). 

14. If coal costs 20 shillings per ton and oil 26 shillings per ton, 
which should be used for produci^ steam 7 

15. Define the terms saturated and superheated steam. 

16. lib. of saturated steam is condensed in a vessel containing 27 lbs. 
of water at 60* F. ; what will be the temperature of the mixture r 
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17. An engine discharges 2,000 lbs. of exhaust steam per hour ; if 
this is used to raise the teiiiiieralure of an equal weight of feed-water 
from 60* F. to 200* F., what saving in coal should be effected ? 

18. In a boiler trial it was found that 8 lbs. of feed-water, at a 
temperature of 50” F., were converted into steam, at 130 lbs. pressure, 
per lb. of coal burnt ; what percentage of the heat generated by the 
latter was usefully employed? 

Note. — ^The total heat of the steam will be found in the Appendix. 

19. In another boiler of the same efliciency the working pressure is 
20 lbs. per square inch, and the feed-temperature 200* F. ; how many 
pounds of water will be evaporated in it, per pound of coal? 

20. Describe an experiment for finding the temperature of saturated 
steam at an absolute pressure of 7 lbs. per square inch. 

21. Use Regnault*s fokhiula to calculate the total heat required to 
generate 1 IK of steam at a temperature of 250* F. from water at 
212* F. 

22. Draw up a heat balance-sheet from the following data— 

Lbs. of water evaporated per pound of coal, 8’$. 

Temperature of feed, 60* F. 

Temperature of steam, 360* F, 

Lbs. of air used per pound of coal, 26. 

Temperature of boiler-house, 80* F. 

Temperature at base of chimn^, 4cx>* F. 

Heating value of coal used, I4,cxx) Tli. U. per pound. 

23. What heat must be given to 1 lb. of water at 80* F. to convert 
it into steam at 303” F. ? Regnault’s formula for the total heat of a 
pound of steam fiom water at 32* F. being H s 1082 -I- 0*305/, 
wliere ^ F. is the temperature of the steam, now many pounds of 
this steam are equivalent in total heat to the calorific power (15,000 
nnits of heat) of a pound of cool ? (S. and A. 1898.) 

24. One boiler produces 9 lbs. of dry steam at 402* F. from feed- 
water at 6a* F., and another 10 lbs. of dry steam at 302* F. from feed- 
water at 110* F. per pound of the same fuel 1 compare these perform- 
ances. (S. and A. 1899.) 



CHAPTER X. 

ENERGY. 

66. Heat and Work. — It has long been a matter of 
common knowledge that heat may be produced by doing 
work as well as by combustion. Tinder was i^ited by 
striking a flint centuries before matches were invented, 

and up to the 
present day South 
Sea Islanders 
light their flres 
by rubbing two 
sticks together. 
It was only sixty 
years ago, how- 
ever, that i 3 eople 
began to think of 
trying to find out 
whether a given 
amount of work 
would always pro- 
duce the same 
quantity of heat. 
Dr. Joule, of 
Manchester, was 
the first to prove, by a series of experiments conducted 
between 1840 and 1849, that it would. 

Joule’s apparatus is ^own diagrammatically in Fig. 96. 
All the refinements necessary to ensure accuracy are 
purposely omitted from this sketch. A weight W was 
attached to a string passing over a guide pulley Q and 
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wound round a drum D. As W fell the drum rotated carry- 
ing with it a set of paddles P which passed between fixed 
plates in a vessel filled with water. These paddles churned 
up the water and, in so doing, absorbed the work done by 
the falling weight; there was consequently a rise in tempera- 
ture which was measured by the thermometer T.' " The drum 
could be disconnected from its spindle to wind up the weight, 
so that the whole work done on the water was due to the 
descent of W and could, therefore, be easily determined in 
foot pounds. 

The experiments showed that 772 foot pounds of work 
were absorbed for eveiy thermal unit generated. 

Since the time of ^j'oule many other experimenters have 
worked at this same problem, and his estimate has been 
found to require a slight correction. 774 foot pounds of 
work per thermal unit is the ratio now generally adopted. 
It is called Joule’s equivalent, in memory of the pioneer 
investigator, and is frequently written as J. 

Ex, /. — A cyclist maintains a constant speed in descending a hill 
300 feet high apnlying his brake; his weight plus that of his 
machine amounts to iw lbs.; how much heat is generated at the brake 
blocks ? 


The work done at the brake block in preventing an increase of 
speed is 

300 X 180 it. lbs. 

= S4fOOO ft. lbs. 

Since the whole of this work is converted into heat, the heat 
generated 


■ 54,000 
774 


Th. U 


s 70 Tb. U. nearly. 


In an engine the heat of the steam is used to do work, 
and it has just been shown that this work will produce 
a definite quantity of heat. 

The question naturally arises, "'Did the same quantity 
of heat disappear in producing the work?” It did. This 
fact may be deduced from the results of any carefully con- 
ducted engine trial ; for, if all the heat coming away from 
the cylinders, including that lost by radiation, as well as 



148 


ENERGY. 


that carried away in the exhaust steam, be subtracted from 
the heat brought into the cylinder in the live steam, the 
difiference will be found to be one seven hundred and 
seventy-fourth {rrr) pounds of work done by 

the engine. 

In other words the heat converted into work in the 
cylinder per minute 

_/.//. />. x_33. o oj?Th.U. 

774 

= /.//.A X 42-6 Th.U. 

66. Heat Balance-Sheet for a Steam-Engine.— The 
discovery of this definite relation between heat and work 
laid the foundation of a sound theoretical knowledge of the 
action of the steam-engine and all other heat engines. It 
is of primary importance to the practical engineer, for 
it enables him to determine how much of the heat of his 
coal is usefully employed and how much is wasted; it 
enables him, in fact, to draw up a heat balance-sheet for 
his engine as well as for his boiler. 

JSx, 2 , — During an engine trial, lasting one hour, the 
average indicated horse-power was 30, the steam pressure 
in the valve chest was 75 lbs. per square inch, absolute, and 
any water mixed with the steam supply was drained .away 
before reaching this point. 

The exhaust steam, amounting to 800 lbs., was discharged 
at atmospheric pressure ; it was condensed and cooled to a 
temperature of xia^ F., in order to weigh it In condensing 
and cooling it x 6,000 lbs. of water were raised through a 
range of 45® F. . \ 

After the trim the slide-valve was removed and the 
exhaust-pipe stopped; steam was then turned on and the 
amount conden^ in the cylinder per hour noted. This 
quantity, 88*8 lbs., may be t^en as a measure of the heat 
lost by' radiation under working conditions. 

Draw up a balance-sheet from the results of this 
experiment. 
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To keep the numbers small it will be best to take one 
minute as the unit of time. 

Referring to the first table in the Appendix we see that the 
total heat of one pound of steam at an absolute pressure of 
69*21 lbs. per ^tiare inch is 1x74*1 Th.U., while if the pres- 
sure is raised to 79*03 lbs. per square inch it is 1 176*8 Th. U. 
We may therefore take the total heat of one pound of steam 
at 75 lbs. pressure absolute to be 1x76 Th. U. 

lbs. of such steam were supplied to the engine per 
minute. 


.*• Heat supplied per minute 





800 

60 


X 1176 


15,680 Th. U. 


The heat discharged in the exhaust steam is 


16,000 . 800 , \ r«. tt 

"SSr (”* “ 3a) Th. U. per min, 

=■ i3>o<S7 Th. U. per min. j 

The btent heat of a pound of steam at 75 lbs. pressure 
per sq. inch, absolute^ may be taken as 1176 - (307 - 32), 
i. e. 901 Th. U., since 307° F. is the boiling-point correspond* 
ing to that pressure. 

Heat lost by radiation pa minute 

88'8 X 901 
"" 60 

— 1334 Th. U. per min. 

Finally, the heat converted into work per minute 


_ 30 X 33i000 
774 

» 1379 Th.U. per min. 

The balancMheet drawn up from these results will appear 
as follows-*- 
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Heat supplied in 
steam per min. 

TilU. 

Heat discharged in ex- 
haust per min 

Heat lost by radiation 

per min 

Heat converted into work 
per min. 

Tr. U. 

15,680 

13,067 

z ,334 

1,279 

1S.680 

15 . 6 »» 


The figures in the above example are fairly representative of what 
actually takes place, though they nave been slightly adjusted to make 
them balance exactly. In practice, there is almost always a small 
difTcrence between the measurements of the heat supplied and the heat 
discharged, owing to imperfections in the instruments used. This error 
can be eliminated by making a laige number of trials. 

67 . Ineffloienoy of the Steam-Engine. — One most im- 
portant point to notice is that out of 15,680 thermal units 
supplied to this simple engine only 1279 thermal units 
were converted into work, the bulk of the remainder being 
carried away in the exhaust steam. 

It is difficult at first to see why all this heat had to be 
wasted. Perhaps a second example will make the reason 
plainer. 

Imagine that heat is supplied to an iron column sup- 
porting a load. It will cause the metal to expand, and to 
do work in raising the load by the amount of its expansion. 
A quantity of heat represented by this work will disappear, 
but the rest will remain as heat to keep the column expanded, 
and this portion, from the point of view of doing work, is 
wasted. 

Exactly the ^me thing occurs in the case of the steam- 
engine. Heat is used to expand the water into steam, and, 
though a small portion of this heat is converted into work 
during the expansion, the bulk of it must remain as heat to 
keep the steam expanded. 

^ The very best steam plants constructed up to the present 
time am be run on a consumption of one pound of coal 
per indicated horse-power per hour. Since one horse-power 
corresponds to 42*6 thermal units per minute, this means 
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that they are capable of converting i" g. *176 of 

the heat supplied to them into work. Fig. 97 has been 
drawn with the idea of impressing upon the reader, 
graphically, the manner in which the total energy of the 
coal would be accounted for in such a case. 

In many factories the exhaust steam from the engine is made use of 
for warming pipes, cauldrons, etc., so that 
the heat in it is not really wasted ; in loco- 
motives and steamships this economy 
cannot be effected. 

Readers who have no opportunity of 
testing a laq^ engine, should now extend 
the experiments with the model suggested 
in Chapter I, by measuring the rate of 
combustion of spirit required to maintain 
a series of powers and plotting the results 
on squared paper ; the percentage of the 
heat supplied converted into work may then 
be calculated; it will, of course, be ex- 
tremely small. 

68. Energy.— -It has been shown 
that, when materials enter into 
chemical combination, as during 
combustion, heat is liberated. This 
heat can be converted into work and 
the work stored up in a moving 
mass, as e2q>lained in the chapter on 
fly-wheels, or it can be used to 
generate electricity. Further, any of 
riiese processes can be reversed. Heat can be absorbed in 
breaking up a chemical compound, electricity in doing work, 
and work in producing heat 

It becomes evident from these statements that heat, work, 
electricity, etc., must really be difierent forms of the same 
things and this thing we c^l Energy. 

In all the processes mention^ above energy merely 
changes its gui§e; it is neither created nor destroyed. It 
is in fact, as far as human experience goes, uncieatable and 
indestructible* 
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Unfortunately we have no common unit of energy. Heat 
is measured in thermal units, electricity in Board of Trade 
units, and work (on a large scale) in horse-power hours 
(one horse-power hour « 1,980,000 ft. lbs.). It is neces- 
sary for the student to learn the relation between these 
different ways of measuring energy, as a traveller, say, 
would have to learn the different ways of measuring dis- 
tances in England (by miles), in France (by kilometres), 
and in Russia (by versts) ; he should therefore commit the 
following table to memory. 

1 horse-power hour 2558 thermal units. 

1 Board of Trade unit » 3430 thermal units. 

1 horse-power hour » 0746 Board of Trade unit. 

It is convenient to remember that one Board of Trade unit is 
approximately equivalent to l| horse-power per hour. 

it may interest the student to know that one i6-candle-power 
incandescent electric lamp absorbs *06 Board of Trade unit per hour, 
and one arc light about *6 Board of Trade unit per hour. 

69 . The nature of Heat — ^No statement concerning the 
real nature of heat has, so far, been given, as it was thought 
better that the reader should commence his study of the 
subject experimentally. The phenomena discussed in this 
and the preceding chapter, and all others with which we 
are acquainted, can be explained as follows — 

Every substance is supposed to be built up of innumerable 
minute particles, called molecules^ which are the same 
throughout any one material, but different in different 
mate^s.^ .These are all in rapid motion to and fro^ so 
that each keeps a small sp^ce open around it, as a man in 
a crowd might give himself breathing room by swaying 
violently backwards and forwards. 

If heat is applied to a body, this motion, or vibration, 
becomes more rapid, the particles keep a larger space open 
around them, and so force each other further apart, thus 

* We* cannot say definitely what the size of a molecule Is, but it 
must be so smaU that several miUions will go to make up the cron- 
section of a hair. 
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causing the body to expand. If heat is removed on the 
other hand the vibration becomes less rapid, and the body 
contracts. If all the heat were removed from the body, the 
motion of its particles would cease. The temperature at 
which this would occur can be calculated, but it is so low 
( - 461® F., or - 2737® C.) that it has never yet been reached 
experimentally. 

The above theory explains very simply the similarity and 
interchangeability of work and heat. The former causes 
motion of a body as a whole; the latter sets each particle 
of a body in motion independently. 

In Dr. Joules’ experiment (see Fig. 96}, for example, the 
falling of the weight ^nd the revolution of the paddle as a 
whole were transformed into extra vibration of the particles 
of the water, as the work was changed into heat , amouni 
of energy in the system remaining the same. 

It should be noted that, when a body, in expanding with 
heat, meets some external resistance, a portion of the 
energy of motion of its particles is taken up in overcoming 
that resistance, some of the heat given to the body being, 
in fact, converted into work. 

A good example of the conversion of work into heat, and vict swrjtf, 
occurs when a gas, such as air, is compressed or expanded. The 
student will have noticed that, while he is inflating the tyres of his 
bicycle, the end of his inflator becomes hot. This happens because he 
is doing work in compressing air, and part of this work reappears 
as heat. 

If compressed air does work in expanding, its temperature fall^ 
because some of the eneigy in it is used up in overcoming the external 
resistance. Refrigerators act on this principle, the gas used being 
ammonia. 

60. Adiabatic and iNthcnit^ EzpaiuioiL— When a 
body expands (or is compressed) without neat being supplied 
to it (or removed from it) it is said to expand (or be 
compressed) aduidaHealfy. 

When heat is supplied (or removed) in order to ke^ 
the temperature constant, the expansion (or compression) is 
said to take place isoiitrmalfy. 

Boyle’s law for permanmit gases (see page 3a) is only 
true for isothermal espansioa The pressure of a gas fiills 
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more rapidly during adiabatic than during isothermal 
expansion, owing to the reduction of its temperature. 


61. Relation between the Pressure, Volume, and Tem- 
perature of a Gas. — ^The relation which exists between the 
pressure and volume of a gas at constant temperature has 
already been stated in § 6, under the name of Boyle's 
law. An equally simple relation, first experimentally 
determined by Charles, exists between the temperature 
and volume of a gas at constant pressure. 

A gas when heated at constant pressure^ expands 
its volume at C. for each degree centigrade by which its 
temperature is raised. 

Let and V be the volumes of a gas at temi^eratures 
o^C. and tOC. respectively. 


2737jt/ 

2737 


Then 
Y 

» a constant quantity. 

2737 + ' ^ 


i^t 2737 + / « r. 

Then T is called the absolute temperature of the gas. 
Y 

L ■■ a constant. 


Let P « the absolute pressure of any gas. 

V — its volume. 

T B its absolute temperature. 

By Boyle's law, 

PV ^ SL constant, when T is constant. 


By Charles’ law, 
y 

j i- a constant, when P is constant. 

UPV and T all vary, 

P Y 

1^. w, a constant i- R, say, 
atPY-RT 

This relation is a most important one. 
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Ex, ^.-Coal-gas leaves a gas-works at 30* C., and 16 lbs. pressnie 
per sq. inch absolute ; it is supplied to the consumers at 15* C., and 
15 lbs. pressure per sq. inch alnolute. Find the change in volume per 
1000 feet. 

Let F = the final volume of the gas. 

Then by the above equation 

1000 X 16 s /? (30 + 2737) ... (I) 

and also 

, I'x is = «(is + a737) ... (a) 
dividing 2 by 1, 

y iS « g 887 

lodb X 16 3037 

.•..ir = iooox5®2JLL« 

- IS X 3037 

8 1014 cubic feet 

• *. The gas increases in volume to the extent of 14 cubic feet per 
thousand cubic feet. 

68. Entropy. — Heat will only pass from one body to 
another when the latter is at a lower temperature dian the 
former. 

Owing to this fact, it is convenient to be able to express 
not only the amount of heat that is given to a hodjr during 
a certain operation, but also the temperature at which that 
heat is supplied. A suitable expression is obtained by 
dividing each portion of the heat received by the absolute 
temperature at which it is received, and summing the 
quotients. 

This total is called, for short, the change in entropy 
of the body during the operation. 

If Hm Hp etc, be quantities of heat received by the 
body at absolute temperatures Ti Tm Tp eta, then — 

The total change in the entropy of the body is 

^ + +etc. 

The units in which entropy » measured are called ranks. 
When a body receives looo thermal units at an absolute 
temperature of 500° its entropy is increased by 

1000 + 500 ~ s ranka 
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It should be noted that there is no change in entropy 
during adiabatic ex[)ansion, just as there is no change in 
temperature during isothermal expansion. 


Examples X. 


1. What is meant by Joule's equivalent of heat? 

2. How many foot pounds of work would be required to raise the 
temperature of one pound of water 11* C. ? 

3. In a landslip, 700 tons of earth descended 30 feet. Calculate the 
heat generated. 

4. A brake is applied to the fly-wheel of an engine and absorbs 
10 horse-power. How many thermal units are generated by it 
per minute ? 

5. On a certain steamer i ton of coal (calorific value 14,500) is burnt 
per hour when the engines are indicating 1,100 horse^power; what 
proportion of the eneigy in this coal is converted into work ? 

6. 1,200 lbs. of coal are burnt on a^ locomotive during a run of 
60 miles, the average tractive force exerted being 2,000 lbs. What is 
the thermal effidenqr of this engine? 

7. The thermal efficiency of the engines and boilers of a steamer is 
'12 when the indicated horse-power is 1,000; how many pounds of 
coal must be burnt per hour under these circumstances? 

8b State your ideas as to the nature of heat, ex]flaining briefly the 
phenomenon of change of volume with change of temperature. 

9. What is the nature of the change which takes pit ce when work is 
converted into heat ? 

la Why cannot all the ene^y in one pound of coal be converted 
into work by using a steam-engine? 

11. Why is a perpetual-motion madilne an impossibility? 

12. The following figures refer to a small electric-lighting plant. 
Show how the eneigy of each pound of fuel consumed is msposM of in 
thiscase^ 


Lbs. of coal burnt per hour . . • 

Heat equivalent of coal (Th. U.) 

Lbs. offeed-water evaporated per hour • 
Tempe^tuieoffeed . . • . 


II II ■•icaiii . . . • ■ . . 

I.H.P. of engine 

Na of 16 e. pi incandescent lamps supplied with electricity 


100 
14,500 
9 P 0 
120* F. 
360* F. 
' 45 ’ 
500 
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13. Change into horse-pewer the rates of conversion of chemical 
eneig^ by combustion of the following: — i lb. of kerosene per hour ; 
I cubic foot of coal-gas per hour ; 1 cubic foot of Dowsoii-gas per hour; 
1 lb. of coal per hour. The calorific powers are, in Fahrenheit pound 
heat units, 1 lb. of kerosene, 22,000 ; i lb. of coal, 15,000 ; i cubic 
foot of coal-gas, 700 ; x cubic foot of Dowson-gas, loa (S. and A. 

>89?-) 

14. Using the calorific powers given above, calculate the efficiencies 
of— 

(2) A large, good condensing engine, using 2 lbs. of coal per 
brake-horse-power hour. 

(^) A gas-engine using 26 cubic feet of coal-gas per brake-horse- 
power hour. 

(r) The Diesel oil-engine, which is said to use 0*56 lb. of kerosene 
per brake-horse-power l^ur. (S. and A. 189^) 

15. When 6 cubic feet of- air, measured at an a1)solute pressure of 
15 lbs. per square inch, and a temperature of 140* C, are compressed 
to a volume of 1 7 cubic feet, the pressure rises to 75 11)8. per sq. inch 
absolute ; what is the final temperature? 

X6. How much heat must be given to a mass of fluid at 150* C. to 
increase i^ entropy by 1*5 ranks, assuming that its temperature 
remains constant? 



CHAPTER XL 

CONDENSING ENGINES. 

63 . E^anaion of Steam below Atmospheric Pressure. — 
If the exhaust steam from an engine is discharged into the 
air, the back pressure on the piston must be at least 15 lbs. 
per square inch absolute, but if it be passed into a closed 
vessel and cooled rapidly, it will condense into water 
occupying, relatively, a very much smaller volume. 

The condensation will go on till the back pressure is 
reduced to that of saturated steam at the temperature of 
the cooling vessel. For example, if this temperature is 
140^ F. the pressure will, according to the first table in the 
Appendix, be 2*88 lbs. per square inch. 

llie ratio of expansion of steam in an engine is limited 
by the back pressure, and can, therefore, be increased when 
a cooling vessel, or condemer^ is used. It was explained in 
Chapter II, that this would lead to a smaller weight of steam 
being needed to do a given amount of work. 

To make the matter quite clear, we will extend the 
example given on page 37. There we considered an 
engine working under the following conditions — 

Area of piston A sq. inches ; 

Stroke of piston L feet ; 

Cut-off at 4 stroke ; 

Release at end of stroke ; 

No compression ; 

Initial absolute steam pressure 60 lbs. per sq. inch ; 

Back pressure 15 lbs. per sq. inch absolute. 

0 (/Pf, Fig. 98, represents the indicator diagram for this 
engine. The mean effective pressure is az lbs. persq. inch. 

Work done per stroke 21 d £. ft lbs. ... (1) 
158 



CONDENSING ENGINES. 


159 

Here let us consider an engine similar in all respects to 
the above, except that it has a stroke of 4 i feet, and that 
cut-off occurs at ^ of the stroke. 

The same quantity of steam will be used in both cylinders 
for ^ of ^ L but the final pressure in the second 

case will be « 3! lbs. per sq. incl^ instead of 15 lbs. per 
sq. inch. 



Suppose the steam to be condensed at this pressure^ then 
the indicator diagram will be represented by BOFO, Fig. 
98, and the mean effective pressure shown by this is 10*5 
lbs. per square inch ; therefore — 

Work done per stroke 

= lo's A X 4L 

a 42 A L ft, lbs. ... (2) 

It must be remembered tha^ though a greater amount of 
work is got out of each lb. of steam in case (2) than in case 
(i), a much larger engine has been used, which means 
a larger loss in friction of guides, journals, gland^ etc ; 
and, further, a ^rtion of the work gained must be expended 
in pumping the accumulation of water out of the ciondenser 

M 
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against atmospheric pressure. These two considerations 
put a practical limit to the amount of expansion that can 
bd used advantageously. 

Condensers. — ^The simplest method of condensing 
steam is to spray a jet of cold water into an enlarged 
portion of the exhaust pipe; condensed steam and con- 
densing water are then allowed to^ flow into a receiver, 
whence a pump, worked by the engine itself, discharges 
them into the air. This process is termed jet-condensing. 



Where a large supply of pure water is not available, but 
sea water or foul water can be obtained, a surface condenser 
may be used. One of these is shown in Fig. 99 . It con- 
sists of an outer casing containing a large number of thin 
brass tubes, through which water circulates in the direction 
indicated by the arrows marked W. Steam enters at 5, 
and is condensed by coming into contact with the cold 
pipes. The water formed passes through the opening 0,8. 
to the pump. 

Surface condensers are invariably employed at sea, for 
they make it possible to collect the condensed steam and 
return it to the boiler as feed water. 

The first steamships bailt were fitted with jet condensers so that 
sea watef had to be used as feed water ; as this was evaporated the salt 
it contained accumulated in the boilers, and had to be got rid of by 
partially emptying the latter at frequent intervals, a process whid 
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entaiM great loss^ of time and^ fuel. The surface condenser obviates 
this difficulty. It is only since its introduction that long, fast voyages 
have become practicable. 


65 . The Air-Pump. — ^Fig. loo shows an air-pump for 
emptying the surface condenser of a marine engine. It is 
so named ^because it has to deal with a small quantity of air 
which is usually present in 
steam, as well as the water. 

If this were not con- 
tinuously removed it would 
materially increase the back 
pressure in the cylinder. 

Vit V2 and V2 are-three 
valves, formed of discs of 
rubber, called the head- 
valve (Kj), the bucket-valve 
(Ks), and the foot-valve 
The foot-valve should be 
placed at least as low as the 
bottom of the condenser in 
order that the water may 
flow to it naturally. The 
bucket, or plunger, P, is of 
brass, bound round with 
hemp packing, or a brass 
spring ring^ to make it air- 
tight. It is driven by a 
rocking lever from one of 
the cross-heads of the 
engine (see Fig. 114). 

On the up-stroke any 
water and air ^ready above 
the piston pass through the valve 



Fia loa^Air-pump of a aiarine engbe. 


and a fresh supply 


enters the pump-barrel through 
On the down-stroke (shown in the figure) Yj and Kg are 
dos^ As the plunger descends the pressure above it fidls 
by expansion, and that below it increases till Y^ opqps and 
allows air and* water to pass it; these are trapped on the 
next up-stroke and dischaiged, the former escaping at 
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and the latter being led to the feed-tank by a pipe attached 
to the hot well H at F. 



A group of 4 or 6 small bronze 
shaped like inverted saucers, which rise 
and fall on a central pin, are often used in 
place of the large rubber discs described 
above. One of these is illustrated in 
Fig. 101. 


F«. .ir.p«»p gg reqnired 

for Condensation. — Besides the 
air-pump a circulating pump, for dealing with the cooling 
water, has to be fitted to many condensing engines. This 
is similar in principle to a feed-pump, but it is much larger, 
and is usually made double-acting. 

The quantity of injection water required to condense a 
given weight of steam in a jet condenser can be calculated, 
jf the temperature and latent heat of the steam be known, 
for the heat gained by the former must equal that lost by 
the latter. 


Ex. /• — ^An engine discharges steam at 4) lbs. pressure absolute; 
determine how many pounds of injection water at fo* F. are required 
per lb. of steam, if ue final temperature is not to exceed 100* F. 

Let W a weight of Injection water required. 

Heat gained by injection water a if (100 - 60) Th. U. . . . (1) 
Total heat of steam at 4} lbs. pressure absolute, reckoned from water 
at 32* F. K 1130 Th, U. (from tables). 

Heat lost steam per lb. » 1130 - (100 - 32} Th. U. • . . (2) 


From (1) and (a) 

W (100 - 60) s* 1130 - (100 - 32), 

•*. W40- X062. 

Hfs 26 ’ 55 lbs. 

In surface condensers the circulating water has not time^ 
duringeits passage through the tubes, to attain the tem- 
perature of the condensed steam, and therefore a rather 
huger quantity is necessalry than is used in jet condensei& 
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67 . The Oldest Form of Steam-Eng^e.— The first steam- 
engines made were all condensing engines, in fact their 
cylinders were merely allowed to fill with steam which was 
afterwards condensed to form a vacuum. 



Fia 102.— Ncwcomen’i pumping engine. 


B ss boiler. B =s steam-vaivc. 

C = cylinder. W = water-valve. 

P = piston. D = drain-pipe. 

R = weighted pump-rod. 

Engineers at that period had neither the knowledge nor 
the materials necessaiy for constructing cylinders or boilers 
to withstand high pressures^ and, since the engines were 
used to drive pumps in mines, there was always an unlimited 
supply of cooling water at hand. 

The Newcomen engine, invented in 1705 by Thomas 
Newcomen, a" blacksmith of Dartmouth, in conjunction 
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with Thomas Savcry and John Cawley, is illustrated in 
Fig. 102.' 

A cylinder C was placed above the boiler and a pipe 
containing the cock 5 , connected the two. The piston P 
was coupled to one end of a beam, to the other end of 
which the pump was attached by the rod and chain 
This rod was loaded to make it heavier than the piston. 

Cold water could be injected into the cylinder by opening 
the cock W I and the pipe f), in which a non-return valve 
was placed, formed a drain leading to the boiler-feed tank. 

In starting the engine the cylinder was filled with steam, 
cock S was then closed and n opened. The jet of water 
introduced condensed the steam and formed a vacuum, the 
pressure of the atmosphere on the top of the piston was 
thus left unbalanced, and was sufficient to force the latter 
down and raise the pump-plunger. On closing W and 
opening 8 the pressures on the two sides of the piston were 
again equalised, and the out-stroke was accomplished by 
the rods falling back into their original position. 

The constant attention of an experienced engine-driver 
was at first necessary, as both cocks had to be worked by 
hand ; but later (in 1713) a rod hung from the beam was 
made to perform these operations automatically by means 
of tappets clamped to it in suitable positions. 

As might be expected, these engines used a large amount 
of steam to do a comparatively small amount of work. 

68. Inventioiia of James Watt. — In 1763 James Watt, 
an instrument maker, was engaged to repair a model of 
Newcomen’s engine belonging to Glasgow University. This 
turned his attention to the possibilities of steam as a source 
of power, and, becoming interested in the matter, he made a 
senes of careful experiments, which led him to the following 
conclusions. The reader should study these carefully, for 
they cover almost the whole economic theory of the steam- 
engine. 

* At least one engine of this type was still in regular use ten yean 
ago. A bodel may be seen at work in the Victoria and Albert Museum, 
&ath Kensington. 
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(1) That much of the steam used in the Newcomen engine 
was condensed during the out-stroke of the piston in warm- 
ing the cylinder-walls, and was therefore wasted. 

(2) That this waste could be avoided by keeping the 
cylinder as hot as the steam entering it. 

(3) That, to allow of this, a separate vessel should be used 
for condensing. 

(4) That the colder this vessel was the better the vacuum 
would be. 

(5) That steam could be used at high pressure, and made 
to do work by expaivion without using a condenser. 

Watt embodied these discoveries in an application for a 
patent made 1769, in which he also proposed the use of a 
steam-jacket, to prevent cylinder condensation, and of a 
pump to prevent any accumulation of air in the cylinder.^ 
On obtaining his patent he commenced manufacturing 
engines (still single-acting and working at low pressures 
without expansion) which proved so efficient that they were 
not only employed for pumping, but were able to compete 
successfully with the windmills and water-wheels formerly 
used for driving machinery. Further experience enabled 
him to make further improvements. He added the governor, 
made the cylinder double-acting, introduced the sUde-valve 
(the invention of his assistant Murdock), and so forth ; other 
inventors also appeared in the field, and the steam-engine 
gradually approached the form in which we have it to-day. 
It was not, however, till z8oo that any considerable raising 
of the steam pressure was attempted, and this process led, 
during the latter ^rt of the last century, to alterations which 
will be discussed in the next chapter. 

While dealing with the history of steam power it will be 
interesting to notice the coal consumption required by the 

^ Mttdi of Watt’s apparatus is preserved in South Kensington 
BCuseum. It is. worth a visit, for, apart from its historic interest, it 
shows what valuable researches may he carried out with simple tools 
and inexpensive materials. 
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best plants constructed at various stages in its development, 
and for this purpose the following table has been compiled. 


Date. 

Type of engine and boiler. 

Pounds of coal 
burnt per ILU.P. 
per hour. 

1720 

1813 

1844 

1895 

1906 

Newcomen engine . . . .* . . 
Watt pumping engine, Cornish boiler. 
Improved single - acting pumping 
engine and Cornish boiler . . . 
I'riple expansion marine engine and 
boiler working at 200 ll)S. pressure. 
Turbine with superheated steam . • 

40 to 50 
la 

3 i 

li 

li 


Examples XI. 

1. Distinguish between a jet condenser and a surface condenser. 
Why is the latter always fitted on sea-going ships? 

2. State briefly the advantages of a condensing over a non-condens* 
ing engine. 

3. What is the function of an dr-pump? Why are three sets of 
valves used? 

4. Sketch a single-acting air-pump, indicating the position of the 
valves during the up-stroke. 

5. In a marine engine trace the path of the steam between the low- 
pressure piston and ue boiler feed-tank. 

6. What additional parts are required in order to convert a non-con- 
densing into a condensing engine? Under what circumstances is it 
better to use a condensing engine? When is it necessary to use a 
surface condenser? How is a surface condenser constructed? (S. 
and A. 1899.) 

7. If the temperature of the condensing water supplied to a jet con- 
denser be 62* F., and the water is pumped out of the hot well at a 
temperature of 106* F., and the steam to be condensed enters the con- 
denser at a temperature of 212* F., what weight of injection water 
would be required per pound of steam condensed ? (S. and A. 1896.) 

8. In a jet condenser 24 lbs. of water at 52* F. are injected for each 
pound of steam at 212* F. to be condensed ; what will be the final 
temperate of the mixture? 

9^ In the above example what would be the final temperature of the 
mixture if the steam were at 176* F. initially? 
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10. Ten pounds of steam at 15S” F., and 280 lbs. of water at 62* F. 
enter a surface condenser per minute ; at wliat temperature will the 
former leave, if the latter leaves at 99* F. ? 

11. In Fig. 97, 58 % of the heat of each pound of coal (heating value 
14,500) was represented u being discharged into the condenser; assum- 
ing that the whole of this was carried away by the circulating water, 
how many pounds of the latter must have been used per pound of coal 
if its rise in temperature was 40* F. ? 

12. In a 1,000 H.-P, engine 10 % of the energy of the coal is con- 
verted into work, and 60 % is discharged in the circulating water ; 
how many tons of the latter must be passed through the condenser per 
hour, allowing a rise in temperature of 30*? 

13. .Sketch a Newcomen engine, and point out some reasons for its 
inefficiency. 

14. The piston of a Newcomen engine is 4 feet in diameter ; calcu- 
late the effective pressure u|)on it during the down-stroke, if the cylinder 
is cooled bv injection to 15^ F., and the atmospheric pressure is 15 lbs. 
per sq. inch. 

15. Enumerate tlie chief discoveries made by Watt in connection 
with the action of steam. 

x6. Why were Watt’s engines more economical than those of 
Newcomen? 
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CONDENSATION AND LEAKAGE OF STEAM IN THE CYLINDER. 

69 . Action of Cylinder Walls. —James Watt fully realised 
the importance of preventing the steam, when entering an 
engine cylinder, from being condensed before it had time to 
do any work. He succeeded in reducing this condensation 
to reasonable limits, by using a steam-jacket, but he was 
unable to stop it altogether. 

The exhaust steam must be at a lower pressure, and 
therefore at a lower temperature, than the incoming steam. 
The cylinder walls are naturally cooled by the former while 
it is in contact with them, and the next supply of live steam 
partially wastes itself in re-heating them. The greater the 
difference between the initial and exhaust pressures of the 
steam the greater this amount of initial condensation^* 
will be. 

Watt used steam at about lo lbs. pressure per square 
inch, the temperature of which would be 240^ F. ; the 
exhaust temperature in his engines was probably 120° F. 
(corresponding to a back pressure of if lbs. per square inch, 
absolute) ; he had, therefore, to deal with a range of tem- 
perature of 120°. In modern engines a range from 390^ F. 
(at 200 lbs. pressure) to 120^ F. has to be faced. Hence 
the prejudicial cooling action of the cylinder walls is greater, 
unless proper precautions are taken, in these days of high 
pressures th^ formerly. 

70 . Leakage. — A second source of loss is the leakage of 
steam past the piston and slide-valve direct to the exhaust- 
port This loss is difficult to distinguish from that due to 
condensation. It increases with the range of pressure used 
in the engine^ and also with the range of temperature, as a 
valve mky be distorted by unequal expansion. 
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To give the reader some idea of the effects of these two 
losses it may be stated that, at the point of cut-off, in the 
cylinder of a small simple engine, only two-thirds to three- 
quarters of the feed water supplied is present as steam, die 
remainder is either present in the form of water, or has 
leaked into the exhaust pipe. 

^ Five common methods of dealing with the above difficul- 
ties are discussed below; the most important of these is the 
method of compounding, which is given last. 

71 . Effect of the Steam-Jacket, Increase of Speed, and 
Separate Inlet and Exhaust Ports.— (a) The steam-jacket 
was fully described in , Chapter I. It is of considerable use 
in slow-running engines. It keeps the cylinder walls so hot 
that no water condenses upon them ; this is of great value, 
since dry metallic surfaces absorb and give up heat much 
more slowly than moist ones. 

ip) Increase of Speed. — The time occupied by each 
stroke in high-speed engines may be made so short that 
before the cylinder metal has time to take up much heat 
from the incoming steam the temperature of the latter will 
have fallen (by its expansion) to that of the exhaust 
Leakage also forms a smaller portion of the total steam 
consumption at high speeds. An increase of speed will, 
therefore, lead to economy, other things being equal. 

{c) Separate Steam and ^haust Ports. — If an arrange- 
ment of ports similar to that shown in Fig. i8, page 30^ but 
with mechanically-driven valves such as will be described 
on page 177 is adopted, the admission passages will not have 
to pass exhaust steam ; they will, therefore, remain at a high 
temperature and induce but little condensation. Corliss 
and Sulzer engines owe part of their excellent economy to 
the use of four independent valves. 

78 . The use of Superheated Steam. — ^To superheat steam 
it is passed, after leaving the boiler, through a superheater, 
consisting of a series of tubes placed over or near to the 
furnace; here its temperature is raised without increping 
its pressure^ and it can afterwards part with the additional 
heat thus supplied to it, before any of it condenses; when, 
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therefore^ it comes in contact with cylinder walls cooler 
than itself it does not immediately cover them with 
moisture, as saturated steam would do, but leaves them 
dry, so that they absorb heat less rapidly from it than from 
the latter. 

73. Compounding. — The amount of condensation and 
leakage depends upon the range of temperature pressure in 
the cylinder. In a simple engine this must be from boiler 
to exhaust temperature ; if, however, we carry out the first 
portion of the expansion of the steam in a small cylinder, 
and discharge it thence, at an intermediate pressure, mto the 
main cylinder to complete the process, we divide this range 
of temperature into two portions. The hottest steam will 
then come in contact with surfaces reduced to the inter- 
mediate temperature only, and the amount of it wasted by 
condensation will be proportionately reduced, and, further, 
the steam which leaks past one cylinder may be usefully 
employed in the next. Such an engine is called a compound 
engine/ the small cylinder is called the high-pressure^ and 
the large one the hwpressure cylinder. 

When condensing engines are driven by high-pressure 
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Steam it is found to be worth while to divide the difference 
of temperature between three cylinders, and even quadruple 
expansion is sometimes used in special cases. 

A siini) 1 e example will make the principle of successive expansions 
quite plain. 

To save work, we will take the same data as those mven on page 158, 
though the maximum pressure dealt with there is rather smaller. 

Kig. 103, which is an exact copy of Fig. 98^ represents the indicator 
diagram of an engine taking steam at lbs. pressure, absolute, for 
iV of its stroke, and discharging it at 3! lbs. pressure, absolute. 

The temperature of saturated steam at 60 lbs. pressure is 292}* F., 
and at 3} lbs. pressure it is 150}" F., therefore the range in temperature 
is 142* F. 

Suppose ff. Fig. 104, ^presents this engine diagrammatically, and 
suppose that, fitted to the same crank-shaft, there is another engine, 
M, of quarter the stroke and with a piston of the same area. If now, 
instead of supplying steam direct to /v, the same quantity is passed into 
Af, the cut-off in the latter must occur at quarter-stroke, and therefore 
its exhaust pressure is ^ = 15 lbs. The corresponding exhaust 
tempeiaturo is 212* F., so that the range in Af is only 8o|* F. BCDE^ 
Fig. 103, represents the indicator diagram for Af. 

If engine N is made to cut off at quarter-stroke, and the exhaust steam 
from Af supplied to it, its indicator dii^ram will be represented by 
E D FQ, The back pressure in it will still be 3} lbs., so that its range 
of temperature is reduced to 61 F. 

[These temperatures are only approximate, as the simple rule used in 
calculating the pressures is not quite true for saturated steam.] 



It is evident that the same work is now done in the two cylinders m 
was previously done in N alone. There has been ^no gain in this 
direction ; the economy is effected \3j reducing the initial condensation, 
and tto does not directly affect the indicator. 

On referring to tiie calculations on page I 59 i it will be seen tffat area 
BCDEt Fig. 103 B i area BCFQ9 and is. therefore, equal to area 
FDFQ ; so that the work done in each cylinder is the same. 
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74 . The design of Compound Engines. — ^To simplify 
the conception as far as possible, we Imve first considered 
a double-expansion engine in which the pistons have the 
same area, but different strokes. The conclusions arrived 
at will, however, apply equally well if the pistons have the 
same stroke^ but different areas. The latter is much the 
most convenient arrangement in practice, for the total force 
on each piston will then be about the same, and similar 
rods, glands, guides, cranks, etc., can* be used for both. 

Fig. 105 shows two cross-sections of a pair of cylinders 
for a horizontal compound engine. These are 13 inches 
and 22^ inches in diameter. The ratio of their cross- 
sections is, therefore, i to 3. The high-pressure piston 
is shown at one end of its stroke, and the low-pressure 
piston, in its corresponding position, is nearly at half-stroke. 
Live steam is just entering the back end of the high-pressure 
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cylinder, and the exhaust steam from its front end is 
passing to the low-pressure steam-chest, whence it is being 
admitted to the front end of the low-])ressiire cylinder. 
The exhaust steam from the back end of the low-pressure 
cylinder is at the same time escaping to the exhaust pipe. 

The passage between the two cylinders is made large 
enough to form a receiver in which steam can collect, 
without any serious rise in pressure, during the interval 
between the closing of one low-pressure steam-port and the 
opening of the other. 

The mechanical efficiency of a compound engine is of 
necessity lower than that of one with a single cylinder, 
because there is the friction of two sets of pistons, glands, 
guides, etc., to overc^ime ; and this loss may, in extreme 
cases, overshadow the saving effected in steam consumption 
per indicated horse-power. Generally speaking, the simple 
engine is best for pressures up to 6o lbs., the compound for 
pressures up to rao lbs., and the triple for all higher 
pressures. 


Examples Xll. 

1. State, from your knowledge of energy, why the exhaust steam in 
an engine must be at a lower temperature than the incoming steam. 

2. The steam cylinder of a small pump is 4" in diameter, and the 
piston makes 180 strokes 4'' long per minute. Saturated steam at 
60 lbs. pressure, by gauge, is admitted during the whole of each stroke. 
What weight of steam would be used ^r hour if there were no losses? 

(The volume of i lb. of saturated steam, at 75 lbs. pressure per 
square inch, absolute, is 5*88 cubic feet.) 

3. The above pump actually uses 95 lbs. of steam per hour. 
Acrount for the balance. 

4. What becomes of the water in an engine cylinder during exhaust? 

5. Why did Watt’s invention of the condenser effect a great 
economy? Why does condensation take place in the cylinders of 
modem engines, and how do we attempt to get rid of it? (S. and A. 

>897.) . 

6. What does the use of a steam-jacket accomplish, and why is it 
most efiective on a slow-running engine? 
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7. Why would you expect a high-sp^d engine to be more economical 
than a slow-speed one if both were unjacketed ? 

8 . State shortly why superheating, steam-jacketing, and successive 
expansions are now being used in steam-engines. (S. and A. 1899.) 

9. A compound engine has cylinders 32" and 60" in diameter, steam 
is cut off ill the high-pressure cylinder at | of the stroke ; what is the 
ratio of expansion ? 

la Of two engines to work under the same conditions and with the 
same ratio of expansion, one with a single cylinder, and one compound, 
which would you consider it best to purchase ? Give reasons for youi 
answer. 

11. The boiler pressure in a locomotive is 180 lbs. (by gauge), and 
the exhaust pressure is 5 lbs. above atmosphere ; compare the range of 
temperature in its cylinders with that in a marine engine working 
between the pressures of 130 lbs., and - 12 lbs. by gauge. 

12. Show, by referring to question 11, wh^ locomotives are made on 
the compound, and marine engines on the triple-expansion principle. 

13. A triple-expansion engine has cylinders 40'', 60", and 96" in 
diameter. If the high-pressure valve cuts off at half-stroke, calculate 
the total ratio of expansion. 

14. The stroke of the almve engine is 4' 6'', and the mean effective 
pressures on the three pistons during a certain trial were 59 'o, 27*1 and 
10*5 lbs. TCr square inch when the shaft was making 80 revolutions per 
minute, what horse-power was being developed in each cylinder? 

15. Sketch a section of the cylinders of any compound engine, and 
trace the path of the steam through them. 

16. What are the objections to using the same passage for admitting 
steam to an engine and allowing it to escape ? 



CHAPTER XII 1 . 

MODERN STATIONARY ENGINES AND STEAM TUROrNES. 

76 . Development the Steam Engine. — It would be 
impossible, even if it were advisable, to give in this volume 
anything approaching a full description of the various forms 
in which the steam-engine is now built The student must 
acquire his knowledge of these by personal observation, if 
that knowledge is to be of service to him. He must keep 
his eyes open when he has to travel by steamer or wait at 
a railway terminus, when he passes through a workshop or 
visits an exhibition of machinery; the brief notes given 
here may assist him in understanding what he then sees^ 
but that is all they can do for him. 

In Chapter XI. the early history of the steam-engine 
was traced up to the introduction of the slide-valve and the 
admission of live steam at both ends of the cylinder. 

The beam, which had been a necessity in pumping- 
engines, was long retained in those built for driving a 
crank-shaft ; probably because it was feared that the cylinder 
and glands would wear oval from the weight of the piston, 
if placed horizontally. 

Ttevithick made a locomotive and boiler, to work at 
high pressure without condensation, as early as 1803; but 
he lacked both the means and the^ perseverance necessary 
to push his inventions. Other engineers of that time were 
not bold enough to follow his^ Ic^, as pressures of more 
than ao to 30 lbs. per square inch were considered exces- 
sivdy dangerous*; they were, in fact, adopted in America 
many years before tfaeur genmal introduction in England. 

» 7 S 
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With the advent of high-pressure steam an imperfection 
of the simple slide-valve became apparent. It cannot be 
arranged to cut off steam much before half-stroke without 
causing considerable wire-drawing. When a shorter period 
of admission was required some more complicated device 
had to be introduced, such as Meyer’s expansion gear, 
illustrated in Fig. 106. This consists of two valves sliding 
over one another and moved by independent eccentrics; 
the first of these has steam ports 'passing right through it, 
and the second is arranged to cut off steam by covering the 



Fig. To&^Meyer'B expanuon gear. 


latter early in the stroke. All the other operations are 
performed by the first valve in the ordinary way. 

Fig. 106 shows the gear as it would place itself at the 
point of cut-off on the out-stroke ; the arrows represent to 
scale the speeds at which the two valves are then moving, 
and the sketch at the side indicates the’ corresponding 
positions of the crank C, the main eccentric M f , and the 
expansion eccentric £ £. 

The action can be completely studied with the model of Fig. 49 by 
adding an additional eccentric disc above the original one. The travel 
of both valves may be made the same, and the angle of advance of the 
second eccentric 90*. 

The expansion valve is usually made in two parts mounted 
on right and left-handed screws ; so that, by simply rotating 
its spindle, the lap can be vari^ and the point of cut-off 
changed, a 

A better, but more expensive way of obtaining a large 
ratio of expansion is to return to the old practice of having 
separate valves for admission and exhaust, at each end of 
the cylinder. The first-named are opened by rods worked 
from an eccentric. They are released with a trigger and are 
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instantly closed by the pressure of a strong spring. Steam 
can thus be cut off sharply at one*tenth or even one -six- 
teenth of the stroke. 

The point of the stroke at which the trigger is drawn is 
regulated by the governor, so that the power of the engine 
is reduced by increasing the ratio of expansion. 



Fia 107.-— Double-beat valve. 


In engines of the Corliss type the valves are in the form 
of segments of a cylinder, and they are rotated by an ex- 
ternal crank-arm to uncover the ports; in those built by 
Messrs. Sulzer of Winterthur (Switzerland), and by Messrs. 
Robey & Co. of Lincoln, double-beat mushroom valves are 
employed. Fig. 107 is a section of one of these; it is 
hollow, and when closed it rests on two conical faces of as 
nearly as possible the same diameter. The object of this 
arrangement is to minimise the force required to open the 
valve against pressure. 

Let ^1 sm area of top seat. 

>fi xs area of bottom seat. 

/b = boiler pressure. 
fo ss pressure in cylinder. 

Vf sa weight of valve. 

Then 

dowifWBid pressure on valve = (^i - 
upward pressure on valve 
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Force required to lift valve 

= (d,-da)(^B-/c) + W. 

This can be made small by making small. 

76. The introduction of the Compound Engine. — During 
the early part of last century the amount of machinery to 
be driven in the mills of Lancashire ^nd elsewhere natu^ly 
increased from year to year, till at last a point was reached, 
when the power demanded of the existing engines was more 
than they could supply, and larger ones had to be erected 
in their place. 

In 1845, however, Mr. McNaught introduced the novel 
idea of meeting the difficulty by merely raising the boiler 
pressure employed and using the steam to drive the piston 
of an additional but smaller cylinder, before supplying it, 
at the old boiler pressure, to the original valve-chest Not 
only was more power obtained by this means, but it was 
found that actually less steam was required per horse-power 
than before. The economy was so marked that, though 
the reasons for it were probably not fully understood at the 
time, builders began to construct new engines on this com- 
pound principle^ and these proved so successful that it 
became the standard type for condensing engines, both on 
shore and at sea, till improvements in tlm materiids obtain- 
able for boiler-making rendered a further raising of steam 
pressures possible, when the compound was in its turn re- 
placed by the triple-expansion system. 

The plan of expanding steam by passing it through two ^linden of 
different sizes was first introduce by Homblower in 1781 ; but it 
then proved a failure, as the range of pressure used was not sufficient 
to bring out its advantages and compensate for the additional cost of 
construction. 

77. The steam Turbine. — ^During the last years of the 
nineteenth century the steam turbine became a commercial 
succq^s. 

When made on a laige scale, it compares favourably as 
regards steam consumption with the best reciprocating 
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engin^, while it occupies less space and requires less 
attentioUi It has the further advantage of applying a 
perfectly uniform turning moment to the shaft which it 
drives, and, for this reason, it is being largely introduced 
into electric lighting stations. Its compactness, its small 
weight, and its perfect balance are also leading to its 
adoption for propelling ships. 

The principle on which the turbine works is extremely 
simple, and was applied to a model more than 2,000 years 
ago, but very serious difficulties had to be overcome before 
it could be made use of economically. 

The simplest form of turbine is that invented by Count 
de Laval, and this will^cherefore be described first, though it 
is only made in small sizes. 



Fig. ToS—Nonle and vanea of a T^val ateam turbine. 

78 . The Laval Turbine. — In the de Laval turbine, see 
Fig. 108, high-pressure steam is allowed to flow through 
one or more nozzles, into a chamber connected with a 
condenser and air-pump. The steam do^ no work on any 
other body in this process, and therefore it must use up the 
energy set free in accelerating itself. The nozzle is so 
designed that all the particles of steam are accelerated 
uniformly and at the exit a steady jet is formed haring a 
velocity of from xo ib 30 m/As per minute according to the 
initial pressure. This jet impinges upon curved, sbouded 
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vanes fixed to the rim of a solid disc mounted on the driving 
shaft of the turbine. In passing through the passages 
between these vanes the direction of motion of the steam is 
changed, and as a consequence it applies a thrust to the disc 
which causes the latter to rotate. 

The sides of the passages are made parallel so that the 
relative velocity of the steam passing through them shall 
remain constant. To accomplish this the back of one vane 
is made concentric with the face of the next. 



Fig. 109. 


The action of the steam and the principle upon which the 
curvature of the vanes is fixed will made clear in Fig. 109. 
y represents, to some small scale, the direction and rate of 
motion of the steam jet, which, on leaving the nozzle makes 
an angle of from 17 to 20 degrees with the disc. V! repre- 
sents the velocity at which the passages move past the jet. 
Therefore R represents the velocity of the jet relative to the 
passages. In order that the jet may enter the passages with 
as little disturbance as possible the tips of the vanes must 
point in the direction R. 

(see above) represents the relative velocity of the 
steam on leaving the vanes. Combining this with IV, the 
velocfty of the wheel, we get If j the final absolute velocity of 
the steam towards the condenser, which is of necessity 
wasted. 
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The ene^ of a moving body was shown on page 92 to vary as the 
square of its velocity; therefore the proportion of energy wasted is 
Kj* or about 

It is obvious from the figure that the velocity of the rim 
of the disc must* be nearly half that of the jet. The driving 
shaft must therefore rotate at a very high speed (say 10,000 
revolutions per minute for a wheel one foot in diameter) ; 
the vane wheel is consequently made of the strongest steel 
obtainable to withstand the centrifugal forces set up in it, 
and the shaft upon which it is mounted is made long and 
flexible so that it may adjust itself to run steadily like a 
spinning-top. 

It is generally nec6ssaTy to reduce the speed in the ratio 
of at least ten to one by toothed wheels before the power of 
this turbine can be usefully applied even for electrical 
purposes. 

The steam supply to the nozzles is controlled by a 
governor and throttle valve, acting in the same way as that 
described on page 95. 


79. The Bateau and Oortis Turbinea — ^The main 
problem to be solved in designing large turbines is to make 
full use of the great velocity which steam acquires in passing 
as a jet from a high to a low pressure without using al^ 
normal speeds of rotation. 

In the Rateau turbine the difficulty is overcome by divid- 
ing the drop of pressure into a number of stagea Thus 
a Rateau turbine consists virtually of fifteen or more Laval 
turbines placed in series on the same shaft At the high- 
pressure end admission to each chamber, from the previous 
chamber, takes place through groups of tapered passages 
corresponding to nozzles. The diameter of the discs and 
the number and size of the passages increases towards the 
low-pressure end in proportion to the increase in volume of 
the steam. 

This design is simple and convenient, but it entails an 
enclosed, steam-tight bearing between each pair of vane 
wheels. 
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In the Curtis turbine only four to six chambers are used. 
In each chamber there are two or three sets of moving 
vanes, with rings of vanes fixed to the casing between 
them. 

Fig. no shows the fixed (black) and the moving passages 
in the first chamber. On the right of the figure the corre- 
sponding diagrams of velocities for the steam are drawn. 
The speed of the vane wheel is less than it would be in a 
Laval turbine, consequently the steam leaves the first set of 
moving vanes with a considerable backward velocity 1^^, 
which is changed in direction by the fixed vanes, and made 
use of in the second set of moving vanes. The second and 
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Fig. ixo— Noziles and vanes of a Curtis turbine. 



third sets of passages are made broader, radially, than the 
first, as the steam passes through them at a lower velocity 
and therefore requires more space. A 2,000 H.P. turbine 
of this type will run at 1,800 revolutions per minute. 

The Curtis turbine as used for electric driving, has a 
vertical shaft, and the weight of the revolving parts borne 
by a broad collar under which a constant supply of oil is 
forced, at high pressure, by a pump. The dynamo is placed 
above the turbine and the condenser immediately below it. 
The governor acts by closing a greater or smaller number of 
the first ring of nozzles by means of the valves shown in 
Fig. zio. 
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80. The Paikions Tiirbme.^In the Parsons turbine 
(Figs. Ill and iis) there are a large number of complete 
rings of fixed and moving passages. The moving passages 
are tapered as well as the fixed ones, so that they all form 
nozzles in which an increase in relative velocity, and a 
corresponding drop in pressure, occurs. Thus the eneigy of 
motion of the steam is produced and absorbed gradually, 
and speed of rotation of the vane drum can is kept within 
reasonable limits, while the intermediate bearing of the 
Rateau and Curtis turbines are avoided. 



Fig. it z.— P ortion of the drum and vanes of a Parsons* steam turbine; 

Since there is a drop in pressure at every ring of vanes it is 
obvious that all the passages must be kept full of steam and 
diat the clearances between the vanes and the casing or drum 
must be made very small to prevent serious leakage; These 
conditions are not essential in the turbines previously 
described. 

Fig. HI shows diagrammatically the construction of a 
Parsons turbine. S is the shaft, D the vane drum, and^C the 
casing. The forms of the fixed (black) and moving vanes are 
sketched below, and these should be compared with Fig. no. 
An arrow indicates the general direction of flow of the steam. 
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Fig. 1 12 is a sectional elevation of a complete Parsons 
turbine. Steam is admitted through a double-beat valve in 
a series of puffs, the duration of which is regulated by the 
grovemor ; it enters the casing at A and passes through 48 
rings of moving vanes to the exhaust pipe. These rings 
are made in increasing sizes to allow for the increasing 
volume of the steam as its pressure falls. 

'I'he rings 0 , C, D are solid and run in grooves. The 
system of passages here showji is so arranged that the 
difference of pressure on the two sides of each set of these 
“dummies'’ is the same as the difference of pressure 
between the two sides of the sets of vanes of similar 
diameter; and therefore the longitudinal pressure of the 
steam on the former balances that on the latter. 

In a marine turbine the thrust of the propeller along the 
shaft makes most of the dummies unnecessary. 

A small lubricating pump, and the air-pump, when there 
is one, are driven at a reduced speed through a worm and 
wheel. 


As an example of the Parsons turbine the machinery of the steamship 
King Edivara may be quoted.^ 

This is estimated to develop 4,000 horse-power at a speed of 20 knots, 
and yet it is smaller and wei^ less than the ordinary paddle engines of 
the sister ship Duchess ofllamUtcn^ which travels at 18 knots only. It 
consists of a central high-pressure turbine running at 700 revolutions 
per minute, receiving steam at 150 lbs. pressure, and discharging it at 
30 lbs. pressure into two parallel low-pressure turbines, driving separate 
shafts, making 1,000 revolutions per minute. 


In all turbines, owing to the high speeds necessarily used, 
there is a considerable loss of power in friction between the 
driving discs, or drums, and the atmosphere of steam in 
which they rotate. This loss increases rapidly with the 
density and pressure of the steam, hence turbines are not at 
all economic^ when working as non-condensing engines, and 
only become efficient when a high vacuum is used. 

> The Kinf Edward was the first passenger steamer to be fitted with 
turbine maclmiery. 
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Examples XIII. 

1. What inventions do we connect with the names of Ilomblower, 
TVevithick and Meyer? 

2. Describe, from your own observation, some form of trip-gear for 
giving an early cut-oflf without wire-drawing. 

3. Sketch an expansion valve and state its use. 

4. Can an engine be reversed with Stephenson's link-motion when it 
is fitted with an expansion valve the eccentric for which is set opposite 
the crank? 

Describe and sketch the construction of a double-beat or equili- 
brium valve. When and for what purpose are such valves used ? In 
sudi a valve the two seats measure respectively 8 inches and 7^ inches 
in diameter, and the weight of the valve is 70 lbs. What pressure per 
square inch would cause the valve to lift, the pressure between the valve 
discs being disregarded? (S. and A. 1896.) 

6. What was the chief difficulty to he overcome in making the steam 
turbine a practically useful machine? 

7. Describe briefly the working of a Parsons' steam turbine. 

8. Small tuiiiine engines have to make a greater number of revolu- 
tions per minute than laige ones to work efficiently ; why is this ? 

9. Why must a LavuI turbine run much faster than a Parsons' 
turbine ? 

la Describe the bearing at the low-pressure end of any turbine to 
which yon have access, or of which you can find a full account in one of 
the technical papers. 

II. 240 lb& of steam per hour issue from the nooles of a Laval 
turbine with a veloci^ of 2,500 feet per second. What horse-power 
would this represent u all the energy of motion were available? 



CHAPTER XIV. 

MARINE ENGINES AND BOILERS AND LOCOMOTIVES. 

81 . Applioation of^,the Steam-Engine to the Propnlsion 
of Shipa — It is essential that marine engines shall be 
capable of running continuously for days or weeks together; 
they must, therefore, be simple in construction, easy to 
lubricate, and, when a breakdown does occur, repairable 
with a minimum amount of labour. 

Not only is economy in working of importance^ but, in 
addition, the total weight of the machineiy and boilers 
required to generate a given power must be reduced as far 
as possible in order to increase the cargo and passenger- 
carrying capacity of the ship and the speed at which she 
can be driven. It is in this direction that future improve- 
ments are likely to be made. 

The first successful steamer was the Charlotte JDumlds, a 
small vessel employed as a tug on the Forth and Clyde 
Canal in 1802. She had one paddle-wheel at the stem 
driver^ directly by a horizontal condensing engine not 
differing greatly from those of small power now used for the 
same purpose. Unfortunately she^ raised such large waves 
in the narrow channels through which she had to pass that 
the canal company, fearing damage to the banks, prohibited 
her use after a few months. 

The first steam-propelled passenger service was estab- 
lished in America in 1807. The vessel employed was, how- 
ever, fitted with engines supplied from England. She plied 
between New York and Albany, covering Siat distante^ 150 
miles^ in 3a hours. 
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In 1812 the Cornet} built by Henry Bell, commenced 
running on the Clyde between Glasgow and Greenock, and 
by 1820 there were 34 steamers at work in British waters. 
These were all paddle boats and were mostly driven by a 
modification of the beam engine; to save height, two 
beams were used, placed low down, one at each side of the 
cylinder, coupled to a single connecting-rod below the crank 
at the one end and to a pair of rods descending from a long 
cross-head at the other. 

The ordinary beam was, and is still, largely used on river 
steamers in America, but in Europe both forms have given 
place to a direct-acting compound engine with two cylinders 
inclined diagonally upwards from the floor of the ship 
towards the shaft. 

To work satisfactorily paddle-wheels must only have a 
small portion of their diameter immersed. For this reason 
their use has been abandoned in laige sea-going ships, the 
draught of which must vary greatly according to the amount 
of caigo and coal they have on board. The screw-propeller, 
invented somewhat later, is employed instead. 

The screw-propeller may be described as consisting of 
portions of the three or four threads of an abnormally 
deeply-cut three or four threaded screw. The boss from 
which these project is mounted on a horizontal shaft, 
passing through the stem-post as far below the water-line as 
possible. 

'When the propeller is rotated, it tends to travel through 
the water carrying the ship with it. If the resistance of the 
vessel were negligible it would move forward one pitch 
length each revolution, as if it were turning in a solid nut. 
If, on the other hand, the resistance were very great, no 
forward motion could take place, but the water would be 
driven astern. All practical cases must be intermediate 
between these two extremes. 

A properly proportioned propeller will give a ship with fine lines a 
forward motion twelve times as great as the backward motion which 
— ■■■■ u — - ■■■ 

^ The engine of the Cemet is now preserved in South Kensington 
Mttseam. 
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it imparts to the water. The energy used in setting the watdr in 
motion is, of course, lost. There is a further loss due to friction on 
both faces of the screw-blades as they move edgewise through the water. 
As a rule, one-third of the indicated horse-power of the engines is 
usefully employed, one-sixth is disposed of in friction of glands, bear- 
ings, etc., and the remainder is absorbed in the ways mentioned above. 
Similar losses occur with paddle-wheels and even with oars. 



Fio. xxaA.— Thrust-block of a screw steamer. 


The force along a rotating screw-shaft has to be trans- 
mitted to the hull of the vessel by a thrust-block bolted 
firmly to the framing, and this, if not correctly designed, 
will rive a ^eat deal of trouble. In the best form (see Fig. 
1 12A) a series of collars, C, are turned on the shaft, and 
between these horseshoe-shaped pieces, //, are inserted. 
These pieces transmit the pressure upon them to the framei 
along the large bolts, i9, which pass through notches on 
either side of the shoes. By means of nuts, iV, the shoes 
can be adjusted singly or all together. They can also be 
removed in turn for examination while the shaft is rotating. 

88. The Kodem Karine Engine. — ^The triple expansion 
en^ne is now the standard type for screw steamers ; the 
cylinders are inverted and supported over the crank-shaft 
by cast-iron fiames at the back — ^which also form the cross- 
head guides — and cast-iron or foiged steel pillars at the 
front 
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Each crank is usually a separate forging supported on a 
pair of bearings of its own, and coupled to its neighbours 
through flanges at its ends. As all the cranks are similar, 
an accident to any one of them is provided against by carry- 
ing a single spare section. 

With three cranks set at 120^ to each other the resultant 
turning moment is fairly uniform, and the want of balance 
in the moving parts is not sufficient to set up serious vibra- 
tions at ordinary speeds. A better arrangement still is 
obtained by using two low-pressure cylinders instead of one, 
so as to have four cranks, with which a perfect balance can 
be obtained as regards the principal forces called into playf^*** 

The condenser casing is cast in one piece with two or 
more of the frames. 

The air-pump and the boiler feed-pump are driven from 
a rocking lever, resembling the old-fashioned beam, coupled 
by short links to the low-pressure cross-head. The cir- 
culating pump for supplying cooling water to the condenser 
may be driven in the same way, or by a small auxiliary 
steam plant 

The general arrangement of a large marine engine capable 
of developing 6,000 horse-power is outlined in Fig. 114. 

The low-pressure and intermediate 
cylinders are shown fitted with 
double-ported slide valves, and the 
high-pressure cylinder with a piston 
valve to reduce the friction. 

in rough urcather a considerable amount 
of priming may take place, and, to prevent 
water carried into the cylinders from 
doi^ serious dama^ by being driven 
against their ends, relief vuves which will 
open automatically are fitted to each 
cover. 

One of these is riiown in Fig. 113. Ic 
consists of a small sprii^-loimed safety 
valve, the blowing-off pressure of which 
can bd regulated with a hand-wheeL 


An example of the use of the 



Fig. 113.— Cylinder relief 
vnlveii 
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steam turbine on board ship was quoted in the previous 
chapter. 

83 . The Marine Boiler. — ^The draught of air through the 
fire-bars of a marine boiler is now usually increased, or 
forced^ with a fan ; a rate of combustion of 30 to 40 lbs. of 
coal per square foot of grate per hour, or twice what is 
common in Lancashire boilers, can thus be maintained. 
This means that smaller furnaces can be used to provide a 
given power, and the consequent saving in weight more 
than compensates for any slight falling off in efficiency. 

The Scotch boiler (see Fig. 115), is the standard type 
used^ in the merchant service at the present time. It 
consists of a large cylindrical shell, with flat ends sup- 
ported by longitudinal stays, and contains i, 2, 3, 4, or 
5 internal furnaces, F, according to its size. These furnaces 
are lap-welded tubes. They are corrugated in order to 
strengthen them and also to give them a certain amount of 
elasticity, to allow for unequal expansion. They should be 
designed so that they can be withdrawn without disturbing 
the rest of the boiler, as they are among the first parts to 
require renewal. Each one opens into a separate combus- 
tion chamber, C, from which the hot gases flow through a 
number of small tubes, T, to the uptake, U, leading to the 
funnel. Some of the tubes have nuts on their ends and 
serve as stays. 

The combustion chambers are held together and supported 
at the back and sides by a great number of small stays 
screwed in and riveted over, or held with lock nuts. 
Their tops have to be made rigid in themselves by being 
bolted to cross girders as shown. (These will be again 
referred to in connection with locomotive boilers^ see Fig. 
124.) 

The boilers for large vessels frequently have furnaces at 
both ends, each pair of which may open into a common 
combustion chamber. 

t 

84 ^ Water-tube Boilen. — ^Boilers in which the water and 
steam circulate through small tubes surrounded by 
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products of combustion, are now becoming common both 
at sea and on shore. Their chief recommendation is that 
steam can^ be very quickly raised in them. They can also 
be made lighter for the same power than the older type. 
They are^ however, more liable to serious leakage. 


D 



Fig. ixA— 'Babcock Wilcox water-tube boiler. 


The best known water-tube boiler is that made by Messrs. 
Babcock and Wilcox. Two designs are used, one for work- 
ing on land and the other on board ship. The former, being 
the simpler, is sketched in Fig. ii6. It consists essentially 
of a number of inclined tubes, 7, among which the furnace 
gases circulate; these communicate, through two groups of 
"headers,’* //, of square cross-section, with a steam drum D. 
The feed water is injected horizontally at f. It descends 
the back headers and is partially turned into steam in the 
lower tubes. This steam tends to rise towards the front 
headers and draws the remainder of the water with it back 
into the drum, so that a rapid circulation is maintained. 

The process may be demonstrated experimentally with a model made 
of a thin metal drum and a single set or large glass tubes. 

5 is a cross drum placed below the "down-comers” to 
catch Any sediment formed. The tubes are made accessible 
for cleaning by removing small "mud doors” placed 
opposite the ends of each. 
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In the marine pattern of the boiler the drum is placed at 
right angles to the furnace^ and secondary sets of horizontal 
tubes, opening into vertical headers, take, as far as possible, 
the place of the fire-brick setting used in the land type. 

The Belleville boiler, see Fig. 117, has been fitted on 
ooard many ships in the navy. In it the feed water descends 



a vertical down-comer, outside the furnace, at the foot of 
which a vessel is placed to catch the sediment ; it is then 
admitted, through a non-return valve^ K, into several sets of 
tubes which pass backwards and forwards over the whole 
length of the furnace, and discharge into a top drum D. 
Here a dash plat^ P, causes the mixture of water md steam 
impinging upon it to rotate; the former, owing to its greater 
density, flies outwards, and the latter can be collect^ in a 
dry state from a central pipe S. 

For small, fast vessels, such as destroyers, the Yarrow and 
the Thorneycroft boilers have been most succe»fuL Fig. 
ri8 is a section of the Yarrow boiler. It consistfl^of one 
upptt drum and two lower ones, connected by banks of 
straight tubes. The furnace is between the lower drums. 
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The water and steam circulate upwards through the hottest 
inner tubes, and downwards through the 
outer tubes which are not quite so hot. 

The Thomeycroft boiler is similar to 
the Yarrow except for the fact that its 
tubes are curved and discharge into 
the upper part of the drum, above tlie 
water-line, and 'that outside down- 
comers are used to aid circulation. 

86. Locomotive En^es.— As re- 
liability and economy in working are 
key-words to marine engine design, 
so compactness and quick control are 
the guiding principles in planning a locomotive. 

The minimum height of bridges is, in this country, 14 feet, 
and the space between the platforms for a single line is 
9 feet, the distance between the rails being 4 feet 8^ inches. 
In building an engine whose size is limited by these gauges 
and which must, nevertheless, be capable of developing 
over 1,000 horse-power, economy of fuel becomes ot 
secondary importance. High pressures have to be used 
with small ratios of exp^sion, and an extremely rapid rate 
of combustion is maintained in the furnace by using the 
exhaust steam to create a strong draught up the chimney. 

The first public railway on which steam traction was 
employed was opened in 1829 between Manchester and 
Liverpool. It was worked with locomotives supplied by 
George and Robert Stephenson, the first of which, *'The 
Rocket,” easily defeated three other competitors in a com- 
petition arranged by the promoters of the line. 

The first public railway was between Stockton and Darlington ; but 
file trains upon it were drawn by horses till after the Lancwlre line 
was opened. 

A steam locomotive known as " Puffing Billy” was used on a private 
colliery line in Northumberland from 1813 onwards.^ 

1 » Xlfi. Rocket ” and ** Puffing Billy” are now in South Kensington 
Museum. Some other historic engines are to be seen at Newcastle and 
Darlington railway stationa 
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The special features of the Stephensons’ early engines, 
notably the link-motion reversing gear (see Fig. 53)^ the 
tubulous boiler, and the steam blast are still maintained, but 
the form and arrangement of the parts have been much 
improved 




Fig. 120. — Passenger locomotive. 


Fig. 119 is an outline sketch of a modem English goods 
engine. It is built up of two strong longitudinal frames 
with cross pieces at intervals. The ends of the boiler rest 
on these, and the axle boxes slide in guides bolted to them. 
There are three pairs of wheels, all of the same diameter, 
coupled together by coupling-rods^ so that each takes a 
share in driving. The rods are jointed to allow for in- 
equalities in the track. The two cylinders are placed at the 
front of the engine. They are raised above the centre line 
of the wheels to clear the front axle, and drive backwai^ 
on to two cranks at right angles, formed in the second axle. 

The above arrangement of wheels is found to be too rigid 
to runround curvessafelyat very high speeds. Inpassenger 
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engines (Fig. 120) the forward end of the frames is carried 
on a separate four-wheeled truck called a “ bogie," which is 
allowed a slight lateral and rotary motion; when this is 
deflected out of the straight line it slightly raises the front 
of the engine so that more weight is thrown upon it, 
and it is less liable to jump the rails. The four remaining 
coupled wheels are made laiger than in a goods engine, to 
allow of a higher speed being maintained with the same 
piston velocity. 

The tractive force which a locomotive can exert depends 
upon the friction between its driving-wheels and the rails. 
This amounts to one-sixth or one-seventh of the total load 
on the former. 

A goods engine weighing 50 tons can exert a tractive 
force of 

50 -f 6 - 8*33 tons. 

In a passenger engine of the same weight only 36 tons 
would be supported by the coupled wheels, and its maximum 
possible tractive force would be 

36 -r 6 = 6 tons. 

It is only at starting, or on steep gradients that the whole 
of these forces are called into play. 

Compound locomotives were for a long time looked upon 
with disfavour in spite of their marked economy, as they 
took longer than simple engines to get up speed. They are 
now coming into general use for laige powers. Two- and 
three-cylinder compounds are used, but the four-cylinder 
type is the most successful owing to the perfect balance of 
working parts which can be obtained with it A sketch 
plan of a German locomotive working on that system is 
given in Fig. 121. . There are two inside high-pressure 
cylinders driving two cranks at right angles in the driving 
axle ; and two outside low-pressure cylinders driving crank- 
pins, set opposite to the high-pressure cranks, in the corre- 
sponding wheels. ^ ^ 

A single valve gear is used to r^ulate the steam supply 
to each pair of high and low pressure (flinders. 
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The student should refer to The Engineer^ Engineerings and other 
technical paf^rs for detailed drawings of &e most recent types of 
British and Foreign Locomotives. 

86. The Locomotive Boiler. — ^The locomotive boiler has 
had to be designed to fit the space available for it. It is 
not, therefore^ of the best form to resist internal pressures, 
and a large amount of staying is necessary. 

Fig. I2S shows one fitted with a Belpaire fire-box, as 
adopted by the leading rdlway companies. An outline 
section of ^is (without the stays) is given in Fig. 123. 



IB 
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Fig. xaz.— Flan of a fimr-cylinder compound locomotive. 


An internal chamber, f, of copper in this country, but of 
steel in American practice, is surrounded by an outer shell 
of similar form. The two are connected through a forged 
iron foundation ring, and their flat surfaces are held 
together by numerous stays; the shorter ones (not shown) 
are copper bars screwed in and riveted over, the longer 
ones are shouldered steel boltSi with nuts on the outside, 
bearing on large washers. 

A cylindrical shell protrudes ftom the outer fire-box, and 
a large number of flue tubes pass through this, from the 
inner fire-box to the front tube plate, where they open 
into a smoke-box, A/, on the top of which the chimney is 
placed. 

These tubes are fixed by expanding their ends with small 
roller^ and ferrules are dnven into them to protect them 
from the flames. 

The fire-door is formed by flanging the plates as shown* 

An ash-pan with movable doors to regulate the draught is 
placed below the fire-bars, and a brick arch, 6, suppoated on 
cast-iron bearers is built over the back of the furnace to 
distribute the heat. 
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A Steam dome is placed on the top of the boiler from 
which the main steam-pipe, S, is carried forwards through 
the smoke-box to the steam-chest. 

The exhaust steam-pipe, £, passes 
through the smoke-box also. It is 
contracted at the top^ and discharges 
below the chimney, causing an up- 
ward draught so strong that cinders 
and small pieces of coal are often 
drawn through the tubes. A jet of 
live steam is used to create a draught 
before starting. 

In the older, and stil^more common 
type of boiler, the outer fire-box is 
rounded at the top to the same radius pic. ,33.— Cioss-secti<m of a 
as the shell. The crown of the inner Bdpaire fire-boju 
box has then to be stiffened with 
girder stays (see Fig. 124), which are supported by links 
hung from transverse angle irons. 




Fig. 134. -Section and elevatioa of one half of a girder stay for a 
locomotive 6re>box. 

The supply of feed water is carried in a tender or in side 
tanks. It is forced into the boiler by an injector and passes 
through an internal pipe leading to the centre of the water 
space in the shell. 


Examples XIV. 

1. Why has th^ screw rqilaced paddle-wheels for propelling large 
vessels? 

2. Sketch the crank and thrust-shaft of a triple eapansion marine 
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3. What is the use of a thrust-block ? How is it adjusted for wear ? 

4. A thrust of 5,000 pounds is required to propel a certain vessel at 
a speed of 5 knots; calculate the effective horse-power (E.H.P.) and 
the indicated horse-power (I.H.P.), assuming that^ in this case, the 
latter is related to the former by the equation 

I.H.P. = 55 + 1-6 E.H.P. 

(1 knot = 6,^6 feet per hour.) 

5. Plot, on squared paper, curves representing the variation of thrust, 
effective horse-power, and indicated horse-^lower when the above vessel 
is driven at speed between 5 and 10 knots. 

At these speeds the resistance of the ship will vary as the square of 
its velocity. 

6. Sketch a cylinder relief valve and describe its use. 

7. Why has a Scotch boiler a much larger ratio of heating surface 
to grate area than a Lancashire boiler? 

8. Sketch one furnace tube of a marine boiler, and show how it is 
attached to the combustion diamber and front plate: 

9. What must be the total area of the furnaces of a Scotdi boiler in 
order to supply steam to a triple expansion engine of 600 I.H.P.? 
Steam consumption of engine, 15 11 )s. per I.II.P. per hour; evapora- 
tive power of coal, 8 lbs. of water per pound of coal ; rate of combus- 
tion, 30 lbs. of coal per square foot of grate per hour. 

la Sketch a Belleville water-tube boiler and describe its action. 

11. Why are locomotives worked without condensation? 

12. Explain the difference in design between passenger and goods 
engines. 

13. The total weight on the driving wheels of a locomotive is 30 
tons; what is the maximum tractive force it can exert? (Coefficient 
of friction }.) 

14. If, in the above engine, the two pistons are tx/* diameter, and 
have strokes of 24", and the driving wheels are fet' in diameter, find 
the greatest mean effective pressure which can be employed. 

(Note. — Equate work done on pistons to work done on draw-bar.) 

15. Calculate the mean piston speed in the above engine when 
running at 60 miles per hour. 

16. Why does a four-cylinder locomotive run more steadily than a 
two-cylinder one? 

17. Sketch in outline a locomotive boiler and indicate the position 
of the safety valve^ the steam regulator, and the feed check valve. 

18. Sketch two forms of locomotive fire-box, and describe how eadi 
is stayed. 

19. Why did the introduction of the blast-pipe in the chimney of 
**The *Rocket” place it so far ahead of its competiton? 

2a Sketch in position in the frame and describe any construction of 
axle-box of a locomotive engine with which yon are acquainted, and 
show the arrangement of the springs. (S. and A. 1899.) 
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87. OaseoiiB and Liquid Fuels. — ^In an ordinarjr 8team 
plant, 10 to 15 per cent, of the heat of the coal passes up 
the chimney, and another 10 per cent, is usually lost by 
radiation between the boiJer and the cylinder. 

There is thus an absolute waste of one quarter of the 
available energy. TUs loss is in addition to the loss which 
is by the laws of therdEodynamics inevitable in heat engines ; 
the highest possible efficiency that a heat engine can have 

is — Of ^here and Tq are the absolute maximum 

and minimum temperatures. 

By carrying on the combustion within the engine, and 
using the resulting hot gases themselves as the working 
agent, a large portion of this loss can be avoided. In 
addition, the range of temperature in the cylinder will be 
much extended, which renders it possible to convert a 
larger portion of the heat energy produced into work. 

Unfortunately, serious mechwical difficulties have to bo 
overcome before coal can be so utilised, even when it is 
reduced to powder, but liquid and gaseous fuels can readily 
be used in this manner. Chief among these are : — 

Petrol . — This consists of the more volatile part of the 
petroleum found in America, Russia, and elsewhere. It 
evaporates so readily, that air passing over or through it 
becomes saturated with its vapour, and a gaseous, explo- 
sive mixture is formed. In spite of the cons^uent dagger 
attending its use, its portability makes it invaluable for 
motor-cars, launches, etc. 

Paraffin is the heavier liquid portion of natural or 
mineral oil. It haa a heat equivalent of about 19,000 
thermal units (B.Th.TT.) per pound. It bums readier, but 
is so much less volatile than petrol that hot (diambers have 
to be used for vaporising it. 
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Lighting Oas . — Tliia is prepared hj the distillation of 
coal in a retort. It is a mixture of various gases composed 
of hydrogen and carbon, and varies considerably in heating 
value ; 650 thermal units (B.Th.1J.) per oubio foot may be 
taken as a rough average. The bulk of the carbon in the 
coal remains in the retort as coke. Coal gas is distributed 
throughout almost ever^r town for lighting and heating. It 
is, therefore, easily obtainable, but is somewhat expensive. 

The following figures give the composition of cou gas in 
three towns : — 


Feroentaga Tolunio. 

Ijoudun 
[Sooicty of 
Arts Trial]. 

Jjueds 
[Tested by 
GroTer). 

Kilmaruuuk 
ffested by 
Kennedy]. 

Marsh Gas, CH 4 . . • • 

37-34 

41-78 

42-80 

Olefines, CU .... 

3-77 

2-77 

5-55 

Hydrogen, H 

50-44 

39-11 

43-60 

Carbon Monoxide, CO . . 

3-96 

8-22 

4-30 

Nitrogen, N 

Oirbem Dioxide (CO^)! with 
traoes of Oxygen (0) . . 

3-98 

8-00 

2-70 

0-51 

0-12 

5-35 


The production of coal gas from one ton of coal varies 
from 10,000 to 11,000 cubic feet. 

Producer Oaa is prepared from coal, with as little 
waste as possible, for the special purpose of generating 
TOwer. A common form of this is the Dowson Cas 
described below. 

Mond Oa$ is produced by blowing into the producer a 
large excess of steam with the object of recovering the 
lar^t possible amount of ammonia from the fuel. 

An average percentage analysis by volume of Mond gas 
is:— 


Hydrogen . . . 
lunh Gas . . 
Carbon Monoxide 
Carbon Dioxide . 
Nitrogen . . . 


27-5 

2*0 

ll-O 

16-5 

43-0 


Its calorific value is about 160 B.Th.TT. per cubic foot. 
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coke, and has a calorific of about 400 B.Th.n. per 
cubic foot. An average percentage composition by volume 
is as follows : — 


Hydrogon ' 49*17 

Marsh Gas *31 

Oarbun Monoxide 43*75 

Gai'bou Dioxide 2*71 

Nitrogen 4*06 


100 


BloBt Furnace Oaa is the gas given off during the manu- 
facture of pig-iron, and is '^siy similar to ordinaiy producer 
gas, but it nas a lower Galori& value of about 100 B.Th.IT. 
per cubic foot. Except that the lower colorific value 
requires higher compression and special means for ignition, 
blast furnace gas is wdl adapted for use in gas-engines, 
and is often wed. at smelting works to drive we blowing 
engines and to generate the dectric power. 

A typical percentage composition by volume from acoke- 
fed furnace is : — 


Carbon Dioxide 11*89 

Carbon Monoxide 28*61 

B[ydrogen 2*74 

Biydrocarbons *20 

Nitrogen 67*06 


100*00 


Acetylene Oae is not at present used largely for gas- 
engines, chiefly on account oi its extra cost; further experi- 
ments and improved methods of production may in time 
render it more suitable for the purpose. 

Beduotion to Standard.— It must be remembered that 
for purposes of comparison all figures relating to gas con- 
suimtion should be reduced to a standard pressm of 
14*7lbs. per sq.^^in. and a temperature of 82^F. This may 
be done as follows : — 
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TiOt B = Barometer pressure in inches. 

W = Water pressure in inches of gas in meter. 

T = Temperature ^F. of gas in meter. 

F = Factor by which gas consumption is to be 
muliipUed to bring it to standard. 

P _ (-491 B + 0361 W) (32 + 461) 

Ihen J< 

This is an application of the law of gases, given on 
PV 

p. 154, that A 1 = a constant. 

88. The Oas Producer. — ^It was stated on pago 127 that 
when coal is burnt in an insufficient supply of air carbon 
monoxide gas is formed, and only A of the possible heat 
developed. The remaining ^ can he obtained on burning 
the carbon monoxide to carbon dioxide. 

A very simple producer may be made which will couvei-t 
coal to carbon monoxide, and this gas may be used in a gas* 
engine, but such a plant could not have an efficiency of 
more than 70 per cent., or about that of a good boiler. 

If steam is mix^ with the air supplied to a carbon 
monoxide producer it also will react upon the carbon in the 
coal, and will produce hydrogen, and a further supply of 
carbon monoxide. This reaction absorbs heat from the fire 
instead of generatiug it, and therefore the steam supply 
must be ca^uUy related or combustion will cease. 

The idea of combining the above simple reactions is duo 
to Mr. J. E. Dowson. 

The composition of the gas produced when just enough 
steam is supplied to absorb the heat generated by the air is 
as follows ; — 

Oas. Volume per cent, 

Nitrogeii (residue from air) .... 45 

Oorbon monoxide 89 

Hydrogen 16 

, 100 

It usually differs somewhat from this in practice. The 
average hating value obtained is 130 thermal units 
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(B.Th.TT.) per oubic foot. This is much lower than that 
of lighting gas, owing to the large amount of inert nitro- 
gen present. 



Fro. IMa. — Baotlon gu firodiioOT made lij tlw NaSonal Gw-Englna Oompaiqr. 

A producer for a 20 B.H.F. gas engine is illustrated in 
Fig. 124 a.^ It consists of a rerticu cast-iron cylinder, 
lined with fire-brick, and filled with fuel through a double- 
doored hopper, y. The suction of the engine itsdf makes 
a sufficient dntft through this fuel to maintain combu||bion. 

^ Thbdnwingisreprodnoedfromffi^T*’*^^’^* For farther illns- 
tratfaos of this and othor siipilar ]^ts see VaL IxzxL, page 817« 
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The hot gases pass along the ^ outlet and through a 
scrubber filled with coke on their waj to the engine. A 
small quantity of water is continuously sprayed over this 
coke to cool the gases and to free them from the dust they 
carry with them. 

For safety, in case of an explosion in either the scrubber 
or the producer, a branch jfipe is added which is sealed 
merely by immersion in a pit filled with the water over- 
flowing from the scrubber. 

Some of the heat in the gases leaving the fire is regained 
by using them to warm the air supply, which is drawn 
through the spiral chamber E surrounding the gas outlet, 
and thence passes round the hot upper part of the producer 
to the fire-bars, through the pipe /f. 

The feed water abstracts a further quantity of waste 
heat from the gases as it circulates through the double tube 
H inserted in the outlet pipe. The supply to this tube is 
adjusted by hand, and the overflow passes into the vaporiser, 
where it trickles down a series of channels A till it is all 
evaporated. The steam generated mixes immediately with 
the air mentioned above and passes with it down the pipe 
K to the fire. 

YOien starting the fire, a positive draught has to be 
created with a hand-driven &ji. The pipe K is closed by 
moving the flap iL, into the position and a blow-off, cock Z, 
is opened, through which the first products of combustion 
escape. As the fire gets hot, carbon monoxide is generated 
and steam begins to form in the vaporiser. The gas may 
bo tested at a small jet fitted for that purpose, and, when 
it will bum freely with a reddish flame, the engine may be 
started, the blow-off cock dosed, and the fan stopped. The 
whole process occupies from ten to fifteen minutes. 

In simple suction producers like the above only coke or 
anthracite coal, which consists of nearly pure carbon, can 
he used. The ordinary, cheaper coals cake and choke the 
fire, or produce tar, which dogs the valves and piston of 
the engine. 

Ilf very large producers it is worth while to add special 
plant to de^ with the tar distilled from dieap cou, by 
leading it back for combustion to the hottest i»rt of the 
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furnace, or otherwise, and also to recover, as a saleable 
by-product, the small amount of ammonia usually present. 

89. Calonlations for Fuels. — ^When the chemicalcomposi- 
tion of a fuel is given, tho following are the most impor- 
tant calculations which are usually required : — 

(1) The quantity of air required for complete com- 
bustion. 

(2) The calorific value of the gas. 

The figures on p. 210, taken from Fowler's Meckanical 
Engineers' Pocket Booh^ as to the properties of the gases 
referred to atmospheric pressure and 32^ F. are useful. 

Ex, 1, — Suppose, for instanoe, we require to find the oaloriflo value 
and the quantity of air required for complete combustion of Leeds 
gas. [See §87.] 

Take marsh gas » *4178 ou. ft. per ou. ft. of Leeds gas. 

Cu. ft. air requireda *4178 x 9*6 » 4*01. [Column/.] 

Oalorifio value » *4178 X 965*6 s 403*38. [Column p.] 

Making similar calculations, which the student should chock, for 
the other combustible gases, we sliall got, on tabulating the 
results ; — 



CaloilSo 

Vslm. 

Co. ft. of air 
required for 
complete 

Marsh Gas • . • • 

403*38 

4*01 

Olefines 

65*88 

0*69 

Hydrogen .... 

115*19 

0*93 

Cubon Monoxide . . 

27*67 

0*19 

Totals . . . 

612*12 

0*78 


Oolumn d abovais obtained from considering the chemical 
equation and the molecular weights. 



210 FUXL8 FO& INTBBNAli COMBUSTION BNGINBS. 



00 ^ ^ 
iigi 

Oft 

Cu. ft. of 
air required 
per cu. ft. 
for com- 
plete com- 
buetion. 

^ €p ^ 

09 a» Gl 

04 

1 


52,750 

21,600 

20,260 

4,340 

14,500 

■ 

Found! of 
Oxygen re- 
quired per 
lb. for 
complete 
oombuetion. 

^ § S B 

« ^ * o « 

*0 

i 

-i 

s 

||s^i{?s ? 

o 


j 

1 

II 

cooooooo o 


ll 

2*406 

0*467 

0*332 

0173 

0*171 

0*173 

0*155 

0*168 

B 

i 

i 

f 

L, 

1 

1 

. . . S p . • . . 

a o 

• -T • • • • 

® ' 1 1 55 i ‘ ’ 

1 j 1 S £ ® ' ' 



4*35 lbs. of air oontam 1 lb. of oxygen. 
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Thus for Hydrogen ^ = 2H,0 

/• since molecular weight of is 2 and O, is 32 
4 combines with 32 or 1 with 8. 

For marsh gas. CH4 + 20, = 2H,0 + CO, 
Molecular weight of OH4 = 12 + 4 = IG 
16 combines with ^ or 1 with 4. 

Finally take Carbon Monoxido 

2C0 + 0,=:2C0, 

•*. 2 (12 + 16) combines with 32 
i.e. 1 with If, or *571. 


Examflxs XV. 

1. Explain the aotlon of any gas producer with which you ore 
acquainted. 

2. Calculate the calorific yalue of acetylene gas (QiHi). 

3. Distinguish between Mond and Dowson gas, giving approxi- 
mately the calorific value of each. 

4 Describe how the gas produced in blast fumaces has been used 
for the generation of powev. 

5. Compare the advantages of steam and internal combustion 
motor-cars when petrol is the fuel of both. 

6. Describe briefly the chemical changes which occur in a suction 
gas producer. 

7. The charge of an engine using lighting gas is 2 onbio feet of 
air and 0'17 cuoic foot of gas. What volumes of producer gas and 
air must be used to generate the same amount of heat per qycle? 



CHAPTER XVI. 

TYPICAL INTERNAL COMBUSTION ENGINES. 

90. The Otto Cycle. — ^Most internal combustion engines 
work on the system known as the Otto Cycle. It will be 
simplest to trace out one by one the processes involved 
in ^8 before we consider the means by which they are 
effected. 

It is really a compromise between attempts to obtain a 
machine of high thermal efficiency on the one hand and of 
mechanical simplicity on the other, some sacrifices having 
been made in both directions. 

A cylinder is used, open at one end, and with a clearance 
space at the other end eqmd to one-fifth or more of the 
volume swept out by the piston. The crank-shaft has to 
be set in motion by hand, or by some suitable starting 
device. 

Suppose that this has been done, and that the piston is 
just commencing an out-stroke. A combustible mixture of 
gas and air is dmwn into the cylinder at atmospheric pres- 
8UI6. On the return stroke this charge is compressed into 
tlie clearance space, and the pressure rises from 15 lbs. to 
90 or 100 lbs. per square inch absolute, since the compres- 
sion is adiabatic. At about the dead point the mixture is 
ignited, and bums with great rapidil^. As it cannot at 
once expand, the result of the combusuon is a sudden rise 
of pressure to 300 or 400 lbs. pw square inch. During 
the third stroke, therefore, the piston is driven forcibly 
forward, and the pressure f^ls gradually by expansion to 50 
or 60 lbs. During the fourth and last stroke of the cycle, 
the products of combustion are expelled to make room for 
a fresh diarge. 


212 
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Fig. 125 IB an indicator diagram taken from a 12 H.P. 
Crossley gas-engine ; MN was drawn during admission or 
suction, NR during compression, RS represents combustion 
taking place, and ST the succeeding expansion. The 
exhaust valve opened at Tt and on the fourth stroke the 
pencil traced the line NM once more. 

The expansion and compression curves in an ideal 
engine working upon this cyme would be adiabatic curves, 

the equation to which is = constant, where y is the 

ratio of specific heats of the gas at constant pressure and 
constant volume respectively and is about 1*4. 



FiOk 196. — Indicator diagram fram an Otto qyclo gns^ougino with a oomprenlon 
ratio of four to one. 


The volume of the products of combustion, if reduced to 
atmospheric temperature and pressure, would be nearly the 
same as that of the original gas and air, so that changes of 
pressure are simply due to the production of heat. 

The suction and exhaust portions, shown by the line 
MNf are not in reality straight lines, as shown in Fig. 
125, but the spring of the indicator which is used is tro 
strong to show the difference. To get a correct idea of the 
suction and exhaust we require a l^ht spring diagram as 
shown in Fi^. 126. This u obtained by putting a very 
light spring into the indicator and proving BtopB4o save 
the spring f lom^injuxy when the e]^lo8ion occurs, the top 
horixontal line rgaesenting the q>nng pressed against the 



214 TYPICAL INTBRNAL COMBUSTION BNOINES. 


stojM. In the case shows it will be noted that there is a 
sli^t obstacle in the way of the exhaust gases causing 
a slight increase of pressure. The area of this portion 
of the diagram represents work done on the gas, and, if 
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This is of course a comparison of thermal efficiencies. To 
a comparison of commercial efficiencios we must allow 
for the i>rice of the coal and the gas, which will vary with 
the locality. 

91. Description of a Gas-Engine. — Fig. 127 is a sectional 
view of a small gas-engine. It will serve to illustrate the 
essential features of all engines of this type. P is a liollow 
piston to which the connecting-rod is directly coupled, C is 
the clearance Sjpace at the back of the cylinder, A is the air 
valve opening into the cylinder, and Q the gas valve opening 



into the air supply pipe. These two are so proportioned 
that when they are both raised the correct mixture (1 cu. 
ft. of lighting ^ to 11 cu. ft. w) will be admitted. £ is 
the exhaust vidve, the mechanism of which is shown in 
Fig. 127a. It is lifted by a lever, I, actuated from a cam, 
on«a countershaft, 8 (see also Fig. 127), driven, by 
gearing, at half the sp^ of the crank-shaft, and is brought 
back by a stout spring. The other valves are worked in 
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flic same way. The charge is ignited by an electric spark 
allowed to pass automatic^ly at the right moment between 
the metal points on the plug /. Another method of. igni- 
tion is to connect a porcelain or iron tube of small ^re 
with the clearance space. The outer end of this tube is 
kept red-hot by an external flame. It remains full of the 
products of combustion except towards the end of the com- 
pression stroke, when a portion of the live charge is com- 
pressed into it. Its length is so adjusted that the latter 
just reaches a part hot enough to ignite it at the dead 
point. 

The student should supplement the description by mak- 
ing an inspection of the mechanism itself, because most 
students can learn more readily from actual inspection of 
a mechanism than by reading a description of it. Internal 
combustion motors are now so common that he should have 
no difficulty in obtaining access to one. 

Details of the various parts of gas-engines are given in 
the next chapter. 

Tlie temperature of combustion is so great that the 
cylinder would soon get red-hot if it was not kept cool by 
a surrounding jacket, IV, through which water circulates. 
There must also be a circulation of water through the piston 
when this exceeds 17 or 18 inches in diameter, and in very 
large engines even the valves are water-cooled. 

92. Oil-EngineB. — ^As mentioned in the previous chiwter, 
heated vaporisers have to be employed when non-volatile 
oils such as paraffin are used as fuds. In the Hornsby 
oil-engine, for example, there is fitted to the back of the 
cylinder an unjacketed cast-iron dome (see Fig. 128), with 
protruding ribs on the inside, to increase its radiating 
surface. It is heated red-hot with the blow-lamp shown 
before starting. A small quantity of oil is pumped into 
this vaporiser during each cycle and is at once evaporated ; 
air is admitted to ^ cylinder, as in a gas-engine, and is 
compressed into the vaporiser during compressiejp. Thus 
an explosive mixture is formed which is i^ted, when the 
dead point is reached, by the heat of the chambw, and that 
due to the work done upon itsdf . The ratio of compression 
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of Hornsbj oil>en^nti 
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has to be yerj carefully adjusted to ensure this. Proyision 
is made, by means of plugs of different sizes, for yarying 
the yolume of the clearance space to suit tlie temperature 
of ignition of the oil used. 

When once* started the heat of combustion keeps the 
yaporiser at a sufficiently high temperature and no l^p is 
necessary. 

The governor regulates the supply of oil by opening a 
bye-pass from the pump back to we storage tank, so that 
only a small portion of the oil pumped by Ihe pump enters 
the reservoir if the speed is above the normal, the remainder 
returning to the tank. 

In some other <^oil-engine8 the oil is vaporised, as 
required, in a separate vessel, heated by the exhaust gases, 
and the vapour is drawn from this through a valve into the 
cylinder. 

98. The Diesel QU-Engine. — The Diesel oil-engine uses 
heavy unrefined petroleum, and is one of the most efficient 
en^es that have been devised, the thermal efficiency 
re&oned on the Brake Horse Power coming as high as 
35 per cent., with a fuel consumption of *41 lb. per B.H.P. 

It differs from the ordinaiy gas-engine in that there is 
no explosion ; pure air only is £awn into the cylinder, and 
this is compressed to a temperature higher tlian that re- 
quired to ignite the oil, which is injected as a fine spray 
into the highly compressed air and bums g^uidly as long 
as the injection is maintained. During this whole period 
the pressure does not rise above the compression pressure. 

The engines may run on a four-stroke or a two-stroke 
oyde, the former being as follows ; — 

Is^ stroke . — ^Air is drawn into the cylinder. 

2nd stroke . — ^The air is compressed by the backward 
action of fhe piston to a pressure of about 450 lbs. per 
sq. in. 

3rd stroke . — ^Injection of the petroleum which imme- 
diatdy ignites hy the heat of the compressed dbr, whose 
temperature is about 1000^ P. 

4tt stroke . — Expulsion of the products of combustio]|. 
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The four-stroke engines are of the yertical type shown 
in Fig. 129, and have a strong cast-iron A-frame the 
up^r pa^t of which forms the outer cylinder of the water- 
jacKet ; into this upper part is fitted a liner L of special 
close-grained cast iron, which is water-jacketed for almost 
its entire length. 

The four valves are arranged in the cylinder cover : the 
central Yalve ^ is a needle valve which admits fuel to the 
cylinder immediately before the end of the compression 
stroke ; the other valves are air-inlet, exhaust, compressed- 
air, and starting valves respectively. All the valves are 
spring-closed and are operated by levers on a cam-shaft G 
driven at the same sp&ed from the crank shaft by toothed 
gearing. 

The fuel-pump of the engine operates as follows : — 

The plunger draws a f uU stroke of oil from a reservoir 
into the pump chamber past the inlet valve ; this quantity 
of oil is in excess of that required for combustion.. The 
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excess is returned past the suction valve on the delivery 
stroke by the action of the governor, which holds open tlie 
inlet valve for a sufficient length of time to allow the excess 
fuel drawn in to escape into the suction pipe, so that the 
amount of fuel pump^ in is controlled by the governor at 
every stroke. 

Fig. 180 shows two indicator cords obtained in on actual 
test and kindly supplied by the Diesd Engine Oo., Ltd. ; 
the full curve is for full load and the dotted curve is for 
half load. 
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Although the engine is speciallj suitable for crude 
TOtioleum, any oil of calorific value not less than 18,000 
B.Th.XJ. per lb. can be used. 

The mechanical efficiency of the engine is about 73 per 
cent. The speed of the Diesel engine, especially the two- 
stroke type, can be controlled within wide limits, and is thus 
very suitable for marine propulsion. 

94. Indicated Horse-power and Efficiency of Gas and 
Oil Engines. — ^The calculation of the indicated horse-power 
of an Otto cycle-engine requires a little thought. 

The work done during the first and last stroke of the 

S iston may, in most cases, be n^lected ; the mean pressure 
uriug the compression stroke is given by the mean height 
of the curve /Ifff, Fig. 125 — call this Pj ; the mean pressure 
during the worl^g stroke is given % the mean height of 
the curve ST/lf — call this yi,. When, owing to the action of 
the governor, no explosion occurs after compression, the 
indicator pencil will follow the line ff/lf, and the mean 
forward pressure will be 


Let A = area of piston in square inches. 

I = stroke of piston in feet, 

£ = no. of explosions per minute. 

C = no. of compressions without explosion per 
minute. 


Positive work done per minute 

=P 2 ^ LE + PiA LG ft lbs. 

Negative work done per minute 

=pi ALE + PiA L G ft. lbs. 

•*. Nett work done per minute 

?? (Pf— Pi) ale ft. lbs. 

I.H.P. = (Pi— Pi) ^ ^ f 
83,000 

^pAL£ 
yrhmp ^p^—Pv 
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p maj be obtained directly from the mean height of the 
diagram NRSTt and is usually done so in tests of engines. 
The area of the indicator caid is measured by a planizneter, 
and this area is the work done per explosion or p x f . 
Some planimeters are, however, set so as to give the mean 
pressure and not the area of the diagram ; in fcl»« case 
the reading of the planimeter is 
what is taken for p in the formula. 

Fig.^ 131 has b^u drawn to give 
some idea of how the energy sup- 
plied to a modem internal combus- 
tion engine is disposed of. It shows 
what a large amount*- of heat is 
carried away by the cooling water. 

‘ ny attempt to reduce this quantity 
ithout increasing the ratio of ex- 
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ision does not, as might at first 
expected, improve the efiiciency; 
it memy increases the temperature 
of the waste gases. 

It must be remembered that 16 
or 16 per cent, of the work done on 
the piston is used ira by the machine 
itself, as against 10 or 12 per cent, 
in tl^ stecun-engine, so that the 
part of the area shown as ** conver- 
ted into work ” can be regarded as 
made up of the useful work and that wasted on the engine 
itscdf. 

The higher the ratio of compression in an engine 
theOtto cyde, the better will be its efficiency. The ^ 
limit of adiabatic compression is the condition that the 
wiftTiTniim temperature produced must not exceed that at 
which combuBUon commences. This temperature is much 
lower for paraffin than for lighting or producer gas. 


Fia. 131. — Dbtrllmtlon of 
th« wiexgy of uooh onUo 
foot of gM oapplied to ao 
oSkient gao-ongino. 


If a vartioal line be drawn aoross the diagram given in Fig, 
say one-sixth of its length from IT, the part to the right of tms will 
diow approximately the muoh smaller proportion of work obtainable 
from an engine using five-sixths the quantity of gas, batoomprassiiig 
it to thzee-eic^ths m plaoe of one quarter of its original volume. 



224 TTPIOAL INTBBNAL COMBXTBTION BNOINBB. 


96. Testing Gas and (HI Engines. — In making a 
thorough test of a gas-engine, the following obseryations 
have to be made: — 


Indicated Horse Power . — ^This is obtained as explained in 
the previous paragraph. 

Brahe Horse Power . — ^This can be measured either hj 
means of a dynamometer, or else by driving a dynamo and 
measuriug the electrical output "and allowing for the 
efficiem^ of the dynamo. The simplest dynamometer, and 
the most common for small powers, is the rope brake. A 
rope or ropes, held together by wooden blocks, is or are 
passed round the flywheel of the engine, and a weight is 
suspended at one end and a spring Glance at the other. 
The number JV of revolutions per minute of the engine are 
counted, and the diameter D m feet of the flywheel to the 
centre of the rope is measured ; then if W is the difference 
in pounds between the weight at one end of the rope and 
the reading of the spring balance at the other, we shall 
have Brake Horse Power 


= B.H.P. 


itNDW 
33,000 ■ 


Jacket Meaeuremewts . — ^The jacket water is measured by 
graduated tanks carrying floats by which the level of 
water can be accurately obtained, and the outlet and inlet 
temperatures are also ^en ; then the heat given up to tiie 
jacket in B.Th.TJ. per minute is equal to the product of 
the mass of water passing per second in pounds by the 
rise of temperature m ^F. 

Oaa Measwrements . — ^The consumption of gas must be 
measured by a gas-meter, and the temperature and pres- 
sure in ibe meter and the height of the barometer must 
also be read, so that the consumption can be standardised 
as explained in § 87. 

If the gas is not one of known composition, an analysis 
must also be made, and the calori&s value should be 
deteqjnined experimentally by means, for instance, of 
Junker’s calorimeter, whidb is described on p. 153. 

EsAofUit Meaewremente . — ^These are not often made, on 
account of their difBcully and unrdiability. The exhaust 
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temperature is sometimes measured by special tliermo- 
meters, but is more usuallj calculated nrom the indicator 
card. The exhaust gases can be anaJy sedp or their composi- 
tion can be calculated from the composition of the mixture. 

96. Motor-Car Engines. — The Otto cycle is used in 
nearly all petrol-driven motor-car and launch engines. 
Two, four, or six cylinders are employed, and large powers 
are obtained by working at a high speed. 

With four cylinders an impulse can be obtained twice in 
every revolution, and, if the two outer cranks point in the 
same direction and the two inner 
cranks are opposite to«^hom, the re- 
ciprocating parts will be balanced, 
and the engine will thus run much 
more smt^thly. 

Eig. 132 shows a section through 
one cylinder of a motor-car engine. 

The explosive mixture of petrol and 
iur is admitted through the valve A 
during the suction stroke. After 
compression, this charge is ignited 
n electric spark from a spiking 

E inserted at /, and when it has 
I its work in driving the piston 
it is ^owed to escape throu^ the 
exhaust valve £. The inlet and 
exhaust valves are actuated by cams 
on tiie half-speed shaft S. 

The cylinder walls and head, in- 

eluding the space round the ports, ^ 

are water-jaclmted. Circulation is 
maintained hj^ a pump, the hot water discharged being 
cooled by passing it through a radiator placed at the front 
of the car and exposed to the full force of the wind. 

The speed of a motor-car engine may be controlled by 
throttling the air supply during adj^sion, and^thus 
reducing the amount of the chai^ taken in, or by retard- 
ing the ignition so that combustion only commences after 
a portion of the working stroke has been performed. 
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In engines of large power goyemors are provided, and 
in the most modem engines are usuaJlj of the variable 
admission type ; most small-powered engines are controlled 
by hand. 

The speed of petrol-engines cannot be reduced much 
without robbing them of their power, so that a motor-car 
engine cannot be run slower for going up-hill ; this neoes- 
siiates the use of change-speed goring, by means of which 
the car can run more slowly withbut slowing down the 
engine; the change-speed gearing is usually of the sliding- 
pinion tjpe, and provides for three speeds forward and one 
reverse. 

SUeneerB are provided to deaden the noise of the 
exhaust; tiiis is done flitting the steam up into fine 
jets by providing baffle pms and fine holes at the ends of 

the exhaust pipes ; care must, 
however, be t^en to provide 
sufficient area for the exhaust 
in order to avoid undue iNick 
pressure. 

A most important member 
of every petrol-motor is the 
carburettor. Its purpose is to 
inject a proper quantity of 

S etrol into the air drawn in 
uring the suction stroke in 
such a way that it will be im- 
mediately vaporised. 

A simple carburettor con- 
taining the most essential 
feature is illustrated in Eig. 
188. The union H is con- 
nected directly with the inlet pipe of the engine^ so that 
all the air taken in must enter at /, and pass through the 
passage indicated by arrows. Surround!^ the passage is 
an annular chambw in which petrol is maintMned at a 
constant levd by means of a cork float actuating the vidve 
in a supply pipe leading £rom the storage tank. The 
only outlet uom the float chamber is through the adjust- 
able needle-valve Tt above the surface of the liquid. 
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During each suction stroke of the engine there is a 
slight reduction of pressure in the air passage sufficient to 
draw a spray of petrol through the valve T* The quantity 
of petrol thus mixed with each charge of air depends upon 
the reduction of pressure in the carburettor; the latter is 
regulated by the automatic valve whidi is controlled by a 
spring, 5, and diaphragm, D. When the suction becomes 
excessive the diaphragm is depressed by the atmospheric 
pressure above it, and the valve V opens more freely. 

A throttle-valve, I, is introduced in such a position that 
it may be used to throttle the supply to the cylinder with- 
out increasing the suction in the carburettor. A correct 
mixture is thus obtained at all powers and all speeds. 

96a. Two-stroke Ed^es.— As explained in § 90, the 
Otto Oycle is used for nearly all internal combustion 
engines, and for each explosion there are four piston 
strokes ; but successful attempts have been made in recent 
years to build an engine whore there is an explosion for 
each two piston strokes, t.s. for each revolution of the 
crank shaft. Such an engine is known as a Two-stroke 
Engine, The four operations corresponding to the four 
strokes of the Otto Cycle must still take place. There 
must be admission of gas, compression of charge, expulsion 
of charge and exhaust. In the Otto Oyde the admission 
of charge is effected by the drawing-in action of the piston, 
and the exhaust by the expulsive action of the piston ; but, 
in the two-stroke engine the introduction of charge is 
effected by pressure from outside the cylinder, and this 
charge when introduced blows the bumt-out gases out 
through the exhaiut. The two strokes for intake and 
exhaust are thus saved. Fig. 13Sa shows a diagram of a 
simple form of Two-stroke Engine. 

A is the qrlinder. B the piston. G crank-case. D trans- 
fer port, the object of which will be explained shortly. 
£ exhaust. F baffle for deflecting the charge. / the inlet 
pipe communicating with the car&irettor. 

In this type of two-stroke engine the pressure ne^sary 
to drive the charge into the cylinder is provided oy the 
movement of the piston into the crank-case. The crank- 
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case is a sealed chamber. It will be noticed that the inlet 
pipe communicates with the crank chamber and not with 
_ the cylinder. Now let 

us consider what would 
happen with this two- 
stroke engine if the ex- 
haust were open to the 
air and the crank-sliaft 
were rotated by some 
outside agency. If there 
were a v^ve in the in- 
^ take pipe, as there is 
when the engine is work- 
ing, the arrangement 
would sict as a not very 
efficient air pump. Con- 
sider the piston B at 
the top of the stroke as 
shown : the direction of 
rotation is iinmatorial. 
The ports E and D are 
closed, and there is no 
outlet from C. As the 
piston descends, a par- 
tial vacuum is produced 
in Ai and the air in G is 
compressed until the 
piston has descended so 
Fro. 199(1. farthat£ is opened. Air 

now enters from £ ; but 
in >1 we shall reach only atmospheric pressure, and there 
is something over atmospheric pressure m G\ and when the 
further descent of the piston opens port D into the cylin- 
der, air will pass from G through the transfer port into A 9 
and a corresponding amount of air will be forced out 
through £. The piston now rises, closing Z?, and in its 
further movement compresses the air in A and draws fresh 
air thfough the inlet into G until the top of the stroke is 
reached. 

The same series of operations will take place with each 
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revolution, but after the first, there will be no rush of air 
in throu^ii £, as there is compressed air in the top of 
the cylinder at the beginning of the stroke, and this 
compressed air expands to atmospheric pressure on the 
downward stroke,. With each upward stroke we shall 
thus get an intake of air to and at the end of each 
downward stroke a rush of air from 0 through D into the 
cylinder, and the expulsion of air througli E at the same 
time. 

Now let us consider the action when an explosive charge 
is admitted through the intake instead of air, and a spark 
passes through tlie plug when the piston is at or near its 
inghest point. In this case, what the piston compresses 
in its upward inotion^'is the explosive c1)ai*ge, and, on the 
passage of the spark, the usual impulse is obtained, forcing 
the piston downwards. In its downward motion the 
piston is compressing a new charge in the crank chamber 
and, at the lowest point, this new charge rushes up through 
the transfer port and drives the burnt gases out of the 
exhaust. The baffle or deflector F is intended to send tlie 
gases brought in through the transfer port to the top of 
tlie cylinder so that only burnt products pass out through 
£. It is quite obvious that in so far as unburnt fuel 
passes out through £ there will bo a drop in the power 
and efficiency of the engine; and the positions of the ports, 
the design of the baffle and the ratio, cylinder volume to 
crank-case volume, are extremely important in a two-stroke 
engine. 

It will be noted that the two-stroke engine needs no 
counter-shaft and is very simple in its valve arrangements. 
It is frequently lubricated hy using a mixture of petrol 
and lubricating oil instead of pure petrol, and this 
mixture, entering the crank case first, is able to keep the 
bearings as well as the cylinder in good running condition. 
The engine lacks flexibility, t.e. it rapidly loses power and 
efficiency if run at a speed vamng much from its standard 
speed ; but it has been found a suitable engine for small 
power units such as motor cycles. 
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ExAMrLBS XVL 

1. Oomparo the working cost of the engines quoted in Example 1 
(p. 214), when ooal is fourteen shillings a ton, and gas two shiliings 
and sixpenoe per 1,000 oubio feet. 

2. Desoribe the Otto oyole. 

3. Copy Fig. 125 to a large scale on squared paper, and draw 
ourves to the equation 

p V » a constant 

through point N and a point near 3, taking the atmospheric pressure 
at 15 Tbs. per square inch. 

Why do these curves not correspond with those in the diagram ? 

4. Why should the relative thermal efficiency of gM and steam 
engines oe calculated on the brake and not the indicated horse- 
power? 

6. Sketch in section a gas-engine cylinder, showing the valves and 
piston. (S. and A. 1900.) 

6. Sketch a gas-engine indicator diagram. How is it used in 
finding the indicated horse-power ? State clearly what information 
is necessarv. Why must we know the number of explosions per 
minute rather than the number of revolutions ? (8. and A. 1900.) 

7. In the engine from which the indicator diaj^am, Fig. 125, 
was taken, 105 explosions were ooeurring per minute ; at what 
horse-power was it working ? Piston diameter 7*, stroke 14". 

8. Draw up a heat balanoe-sheet from the results of the follow- 
ing oil-engine trial : — 

Diameter of cylinder, 10^ 

Stroke, 20^. 

Mean efieoUve pressure, 75 lbs. per square inch. 
Explosions per minute, 66. 

Weight of oil used per hour, 16*2 lbs. 

Heat equivalent of oil per lb., 19,000 Th. U. 

Coding water used per minute, 34*71 lbs. 

InitiAl temperature of water, 58* F. 

Final temperature, 106* F. 

9l In a gas-engine cylinder where v » 2*2 and p 14*72 it was 
known that the temperature was 130*C. What is the temperature 
when at 122 and v *4? 

IOl Aegas-enoine has a piston of diameter, V stroke; the 
governor is set for 150 revolutions per minute ; what mean efieotive 
pressure is assumed if the engine is rated at 2 h.p. ? 



CHAPTER XVn. 


DBTAILS OF INTEBNAL COMBUSTION ENGINES. 

97. Valves. — ^The valves aro usually of the mushroom 
type with long spindles to give good beaming. Eig. 134 
shows the valves in the Tangye’s “ T type ” gas-engine, 
reproduced by permission. The combustion ch^ber is a 

X rate casting fitted^ at the end of the cylinder, and the 
ission valve Q is fitted by a cottor / to a spring cap //, 
and set screws A* can be inserted into t!^ spring d to facili- 
tate removal of the valve, the engine being first turned so 
that the valve is slightly opened ; in amodified construction 
a plate J is press^ down by nuts or studs K to take the 
pressure off the spring for removal, A spring £ is provided 
to enable the gas valve to close on its seat a Utue while 
before the admssion valve Q closes. The exhaust valve 
Af is connected by a pe^ R to b, nut Q which bears against 
a spring cap-plate/’, which can be lifM to facilitate removal 
of the valve by nuts or studs 0. 

Fig. 135 shows the arrangement in the Ftomier Single 
Cylinder ^as-engine, the scavei^ing action of which is 
described in coxmection with Fig. 143, which should be 
looked at in conjunction with 135. The gas passes 
by a cock 0 to the space M to the annular gas valve Q, 
where it mixes with the air entering by the parts PP, The 
gas-valve Q and admission vidve E are operated by rods 
A, £, respeotivd.y operated from the cam-shaft V, from 
which the exhaust 'mve H is also operated, as is clearly 
shown. It wiU be noted ^t the combustion chambtf 
and exhaust port are water-jacketed. 

88. Ignition Devices.— As indicated in § 91, the ignition 
is efteted either a tube heated W a Bunsen burner or 
dsebymeansof andectricqwk. The dectric ignition is 

229 
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obtained usually by (a) a high-tension spark obtained W 
the aid of an induction coil and on accumulator, a spark 
being made at the requisite time by means of a contact 
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mounted on the cam-shaft; or (&) a low-tension s^ark 
ph tiLiifcd by a magneto mechanism mounted on the en^ne ; 
this hu the gpmt adrontage that no diarging of accumu- 
lators is required. 
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Fip^. 136 diows the patent magneto mechanism used on 
the Tangje gas-engine, reproduced bj permission. A 
crank k is mounted on the cam-shaft and is connected to 
a hooked connecting rod G which engages a lever D fixed 
upon the q>indle of the armature of &e magneto machine. 
As the crou A revolves, it causes the hook end of the con- 
necting rod 0 to engage with the lever D for a certain dis- 



tance and to release it at the correct time; the armature is 
then rapidly moved back to its original position bv means 
of the laminated springs £. The current passes m>m the 
machine to the sparku^ plug and the Barking points 
are separated to cause the spark bj regulating nuts K on 
t^ end of a rod L attached to the lever M striking the 
lever N. The time of ignition is varied by causing the con- 
necting Irod to rdeose sooner or later by^ slacking a fly-nut 
0 and turning a hud-wheel P. A pointer R shows the 
ignition time on a scale Q, 



and a lubricator L on the cylinder carries a wick IV which 
lubricates the piston. The connecting rod has marine 
type gun-metsl uearings at ^ch end and abnormally long 
hardened bolts are employed. 

100. Lnbiloating Means.— Jfotw Bscn^a.— Fig. 138 
shows the ring lubrication ot the main bearings which 
is u^ on the Crossley gu-engines. The ring passes 
through a slot in the centre of the upper bearilm and 
rests on the shaft, its end dipping into the oil-well, the 
depth of oil in which can be seen by the gauge-glass at 
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the side. As soon as the main shaft reTolves, the ring R 
moves round it and delivers oil to the centre of the bw- 
ing, surplus oil returning to tiie wdl. 

Cylinder Luhrication . — One method of cylinder lubrica- 
tion was shown in Fig. 187. An interesting method of 
forced lubrication used on the Crossley engines is shown in 



Fig. 189. A pulley-driven shaft 0 carries a crank A 
carrying a loosriy mounted wire that dips into the oihwell 
(7 as the shaft rotates. The wire comes against a beak B 
to which it ddivers the oil, which then drras down a pipe 
to a pump-pluneer P. This idunger is dnyen by«a cam 
f and farces &e ou through a baU-valve 1^ to the cylinder. 
The forced system of lubrication enables the oil to be ddi- 
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vered near the back of the piston and ensures that the 
piston rings are amply lubricated. 

Cra/nk’pin Lubrication, — ^Fig. 140 shows the method 
for lubricating the crank-pin Copied in the Tangye gas- 
engine. Oil passes from a sight feed lubricator B to a 
ring A connected to the crank. The action of centrifugal 
force causes the oil to trayel to the other side of the ring 
and to find its way to the crank-pin^ as shown in the figure. 
The ring A is fitted with a perforated guard which pre- 
vents cotton waste, etc., from getting into the oil hole in 
tlie crank-pin. 



Vni. 1404 



Fig. 140a shows the method of lubricating the crank- 
pin alopted in the Orossley engines. Oil nows from a 
^ht-fe^ lubricatorto a groove in the beari^ surround- 
ing the main shaft, and oentrifu^ force distributes the 
oil by the passage shown in dotted lines to the crank-pin. 

101; Starting. — ^Engines of small power are usually 
started by hand. The flywheel is pulled round so as to 
suck a charge of gas and air into the q^linder, and this 
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Flo. 141. 


chaorge then becomes compressed and exploded. To avoid 
high compression when starting, a special starting cam is 
UBuallj provided alongside the ordi- 
nary cam for operating the exhaust 
lever. Eig. 141 shows the arrange- 
ment in ^ Tangye ^-engine, A 
being the relief or star&ig cam; for 
starting, the roller B on we exhaust 
valve lever is moved to the position 
shown dotted. As soon as tiie en- 
gine is running, the roller is moved 
to eng^ the lar^ cam and is fixed 
in position by a pin (7. c* 

for larger powers, self-starters 
have to be used. In the Manchester 
self-starter gas is admitted into the 
cylinder, and the gas and air pass out through a cook and 
a oontraoted outlet, and the mixture is ignite by a naked 
flame. As the mixture gets richer the colour of the flame 
changes, finally the gas supply valve is dosed and the 
fln-TOp strikes ba ck explodes we mixture in the cylinder, 

thus starting the engine. In another type a mixture of 
air and gas are pumped into the cylinder and e^loded, 
the flywhed having been levered round so that the 
/viTifMwfcitig fod is approximately at right angles to the 
crank. 

Oompressed-air starters are also lar^y used, and seem 
likdy to supersede the other types. In an arrangem m it 
patented by Messrs. Fielding and Flatty when the e ngine 
M about to be stopp^ after a run, the gas^ is turned off, a^ 
the piston engine cylinder, ly* a slight alteration in 
valves, is converted into an air-compressor, whidi dis- 
charges into a reservoir ww^^l a pressure of about 60 lbs. 
per sq • in. is obtained, so that the energy stored in the flj- 
whew is utilised. Oompressed air at higher pressure than 
this is often utilised for starting. 


102. OoveEning.---The ineans to maintaining a untfmm 
speed in gas-engineB may be dlassified as follows : — 

(«) lip*."— In thin whiA in vati 
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principallj for small powers, the goYemor is connected to 
the leYer for operating the gas, or to the lever for causing 
the explosion, so that if the sp^ is beyond the normal no 
explosion takes place. The governors are either of the 
centrifugal or inertia types. Fig. 142 shows diagrammati- 



Ra ” gofwnor. 


cally the arrangement of inertia governor used on the 
smaller Hornsby-Stockport engines. The gas-valve spindle 
K has a notch which is adaptM to be engaged by a blade 
0 connected to a cam-operated lever. F4xea to the 
lever there is a spindle £ carrring a Bpring-pressed weight 
F which engages a bell-crank lever 0 which carries the 
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blade 0. The tension in the spring is adjustable, and if 
the speed increases above the non^ amount, the move- 
ment of the lever also increases, and the inertia of the 
weight causes the bell-crank lever to rotate slightly in a 
clockwise direction, and the blade G thus misBes the notch 
in the valve-spindle A, 

(h) Variable-€^ini88ion Type . — ^In this type the governor 
causes the amount of explosive mixture to m varied so that 
there is an explosion at every stroke and the variation in 
speed is thus less, although the gas consumption may be 
slightly greater ; it is similar to governing a steam-engine 
by varying the cut-off. The governors are of the usual 
ball-type, and act upon the cam mechanism for controlling 
the admission so that Me amount of opening of theadmis- 
sion valve is varied. 

(c) FariabZe-mtefiirs Type . — ^In this type the quality of 
the explosive mixture is varied by varying the amount of 
opening of the gas valve. Fig. 135 (p. 231) shows this 
type as used in the Premier gas-engine. The annular gas 
vaive 0 is operated from a mver /T by a pivoted blade K 
whidi engages a pivoted arm X connect^ to the valve. 
The governor oscillates a spindle 8^ which is connected by 
arms T, R to the blade K, and when the governor rises the 
blade K is thrown to the left, thus reducing the opening 
of the gas valve, whereas when the governor ffdls the blade 
moves to the right and increases the opening. 

(d) Exhaust Type . — ^In this type the governor acts upon 
the exhaust valve and keeps it open when the speed 
becomes too great. As no vacuum will then be formed 
during the return stroke, no fresh charge is sucked in, and 
BO no further explosion takes place until the speed has 
returned to the normal. 

108. Soavenging. — ^This operation consists in clearing 
the cylinder and dearance spaces from the products of 
combustion which otherwise mix with the incoming^charge 
and tend to weaken it. Earlj. engines were sometimes 
provided with '"two additional idle strokes to ensure this 
scavenging action, but it was found that the increased 
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economy was not sufficient to make up for the loss of two 
strokes. 

Li the Atkinson and Orosslej method of scavenging a 
very long exhaust pipe — about 65 feet long — ^is used. The 
momentum of thu long column of gas causes the air, 
which is admitted just before the end of the exhaust 
stroke, to sweep through the combustion chamber and 
drive out the pr^ucts of combustion. 

Fig. 148 shows the action of the Premier positive 
scavenging engine. The piston is a differentia one, the 
portion A acting as an air-compressor, the dearanoe spaces 
of whidi are so large that the pressure does not rise above 
5 lbs. per sq. in. Air enters from a pipe SB through 
valves r, and part enters the cylinder N through a port D, 
and the remainder enters the passage C and passes through 
the valve P to the combustion chamber 2. During Ihe 
exhaust stroke the piston A compresses the air behind it 
until the piston readies the point shown in tiie figure. The 
admission valve £ is then opened and allows the com- 
pressed air to sweep through the combustion chamber 
in Ihe manner indicated by the arrows. 


Exahtlsb XVIL 

1. What do yon understand by **Boavengma” as applied to a 
gas-engine? Desoribe one method of effimting mis. 

2. Explain one meobanioal method of starting a gas-engine. 

& Desoribe with the aid of sketcdies one method of governing a 
gas-engine on the ** hit-and-miss” principle. 

4. Desoribe the method of governing oil and gas engines by 
varying the charge. 

5. Disouss the relative advantage of ** hit-and-miss” and the 
variabll-mixtare method of govuming oil and gas engines. 

S. Desoribe with the aid of oketQhes one method of eleotrioally 
ignitiag the cdiaige in a gas or dl engine. 
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?• Describe the action of the valves in a gas-engine. 

8. Sketch roughly the exhaust cam of a gas or oil-engine. Rise of 
valve, 1 inch ; ratio of cam arm to valve arm of lever, 3 to 2. 

9. Explain one method of lubricating the main bearings of an oil- 
engine. 

10. Sketch an arrangement for Inbrioatiqg the |dston of a gas- 
engine. 
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APPENDIX. 


Logarithics. 

SqplaiiAtloB. — Logarithmf axe numben lo diosen that if m and i be 
any two quantities 

log n + log d s log 
log n - log 3 =s log j 

and therefore 

log B log A + log a 
a 2 loga . 
or i log 1^ a log a 

log a 3 log a, etc. 

hog lo Is taken as unity. 

log lO a 1 
log 100 a 2 
log 1000 a 3 , eta 

log -1 a - I 
log ‘OX a - 2 
l(^ x»x a - 3, etc. 

In the logarithm tables the first two figures of the number axe 
^ven in the left-hand column, and the third figure across the top, 

log 1*2 a '0792 
log 1-21 a *0828, etc. 

Allowance is made for a fourth figure, if there is one, by adding 
the corresponding quantity appearing under it in one of the nine 
right-hand columns, thus — 

log 1*204 a x>y92 -H *0014 
a -oM 

log 1*458 a *16x4 + *0023 

- **637 

In the anti-logarithm tables the positions of the numbers and 
logarithms axe reversed. 


Bx, /.—To multiply 2934 by 3*12 

2934* X 3*X2 a XOOO X 2*934 X 3'X2 
log (3934 X 3'!^) - log XOOO + log 2*934 + log 3*12. 
Fkom logarithm tables 

log XOOO a 3*0000 
Iqg 2*934 a *4669 + Doofi 

log 3 *X 2 a *4942 
log (2934 X 3 * 12 ) a 3*9617 
From anti-logarithm tables 

a 3 a log XOOO 

196x7 a log (9*14X + *0x5) 

•••‘ssajis’raw’* 
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Bx. A— To diWde 3*135 Iqr 7*46 

log 3*135 s *4943 + *0007 

log7*46 ~^7 

= *4949 - ■*7*7 
“ » ‘4949 - *7i7 - I 
a -6222 - I 

a log (4*188 + 1002) - log 10 

8-185-l-7^ a -4190. Am. 

Ex. J.—To find the cube rort of *006859 
i log 1006859 S I log 

.% i log tx)6859 a I (log 6*859 - log 1000) 

= *(• 8363 - 3 ) 

a *2788 - 1 



•*. Ovha vool of 1X16860 


Ans, 



LiOGAk ixH Jia. 






































































Antilogakithms. 


























































USEFUL CONSTANTS. 

In addition to the above logarithm tables the following^ list of in- 
stants is supplied to each candidate at the Board of Education examina- 
tion in steam. 

1 Inch =: 25*40 millimetres. 

I Gallon = *1604 cubic foot s 10 lbs. of water at 62* F. 

1 Knot = 6080 feet per hour. 

Weight of 1 lb. in London » 445,000 dynes. 

One pound avoirdupois = 7000 grains = 453*6 grammes. 

1 Cubic foot of water weighs 62*3 lbs. 

1 Cubic foot of air at o" C. and 1 atmosphere, weighs *0807 lb. 

1 Cubic foot of Hydrogen at o” C and 1 atmosphere, weighs *00559 lb. 
1 Foot-pound a= 1 *3562 X id* ergs. 

1 Horse-power-hour = 33,000 x 60 foot-pounds. 

1 Electrical unit = 1000 watt-hours. 

Joule*. Equhralent to «ut Regnaulfs H, i. Z ! 

1 Horse-power s 33,000 foot pounds per minute ss 746 watts. 

Volts X amperes s watts. 

1 Atmosphere s 14*7 lbs. per square inch b 2116 lbs. per square 
foot >■ 760 mm. of mercury = xo^ dynes per sq. cm. nearly. 

A column of water 2*3 feet high corresponds to a pressure of i lb. 
per sq. inch. 

Absolute temp., t = 0^ C + 273*7. 

Regnaulfs H « 606*5 + *305 0 * C. » 108a + *305 9 * F. 

log » 61007 - 7 
where log 10^ => 3*18x2, log s 510881. 

/ is in pounds per square inch, / is absolute temperature Centigrade. 
If is the volume in cubic feet per pound of steam. 

* “ 3 '» 4 » 6 - 
One radian s 57 ‘3*. 

To convert common into Napierian Iqgarithms, multiply by 2*3026. 
The base of the Napierian logarithms is # ss 2*7x83. 

The value o££ at London ae 32*x82 feet per sec. per sea 
250 



ANSWERS TO EXAMPLES. 


Examples A. (p. 6). 

1* 37*S ft., I2*s ft. ■ 2. i82’3 lbs., 6o-8 lbs. 8. 9 ft* 5 

4. 104 ft. 8 ins. 6. 720 revs. 6. 280 revs. 7 . 210 revs. 

8 . 52’4 ft. 9. 360 revs. 10. 28*27 554* 

12. 247 tons. 18. 9425 lbs. 14. 177 lbs. 16. 11*19 sq. ins. 

16. 9-81 sq. ins. 17. 7*85 sq. ft. 18. II31 sq. ft. 19. 854 
sq. ft. 20. 101 *7 lbs. 21. 3*83 cu. ft. 22. 61 lbs. 28. 3*27 
tons. 24. 662 cu. ft. 26. 4*9 cu. ft. 

Examples B. (p. 13). 

1. 20 tons. 8. jffi9 10 o. 4. 3f X*"*- ^ 

9. 35, nearly. 

Examples I. (p. 28). 

12. 7,680,000 ft. lbs. 13. 243,200 ft. lbs. 16. 1*^7 E.11.P. 

16. 7*37 H.F. 17. | H.P. 18. 1130*8 lbs., 848-1 ft. lbs. 

19. 11*3 H.r. 20. 136 I.II.P. 21. 4«3 ««• ‘S*- 

28. 177 strokes. 24. 50*9 lbs. per sq. in., 59*9 lbs. per sq. in. 

Examples II. (p. 44). 

4. (a) The larger. (6) The smaller. 6. 25 lbs. per sq. in. 

7. i8-8 lbs. per sq. in. 8. 50, 33*3, 25 and 20 lbs. per sq. in. 
14. 23*79 I.H-P- 1®- 49»5oo, 24,750, 16,500, 12,375 Ite. 

17. 126 lbs. per sq. in. (nearly). 109 lbs. per sq. in. 24«4io ft- lbs. 

18. 88 lbs. per sq. in. 2,878 ft. lbs. 

Examples III. (p. 60). 

8. 2182 lbs. 9. At least 23. 18. 2450 lbs. 21. *64 ft. per 

sec. per sec. 38*4 ft. per sec (26*2 miles per hr.). 82. 2904 lbs. 

Examples IV. (p. 70). 

9. li ins. dia. 

Exampijcs V. (p. 85). 

2. { in. 8. 2 ins. 4. if ins. 8. 31 and 28 lbs. per sq. in. 
9. 39 and 38 lbs. per sq. in. 11. («) 84*. (^) 55 of stroke from 
bacK dead point 

Examples VI. (p. 98). 

8. c. 7. 7 ft. 7l ww- •• («) 4.o®5.®oo ft- W i®.*®*.400 
ft. lbs. 
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ANSWERS TO EXAMPLES. 


EXAlfPUS VII. (p. 112). 

1 . 1440 IbA 4 . 28-5 to I. 18 . i in. 18 . -57. 

Examples VIII. (p, 125). 

& ijins. a 294 lbs. 7 . 43f IbA 8. 14 lbs. 9 . 62*9 lbs. 
11. 74 strokes. 19 . 141*3 lbs. 90 . 272 gallons (if pump is single- 
■cting). 81 . 1375 lbs. 


Examples IX. (p. 144). 

9 > 37 * C. a Temp, in London is the higher by *6^ F. 

a 15,680^000 Th. U. la 14,700 Th. U. per lb. 18 . '97 ton. 
la Oil. la 99^* F. 17 . 19*3 lbs. per hour. 18 . 65 %. 
la 9*6 lbs. 81 . 978 Th. U. 8a 9892 Th. U. are given to 
water, 2160 Th. U. pass up diimney per lb. of coal. 88. 1125*5 

Th. U. 13*3 lbs. Si. Halt given to water per lb. of fn^ 

(1) 10*571 Th. U., (2) 10,964 Th. U. 


t given to water per lb. 1 


a 15.323 ft. lbs. 

0. xs 6 . a *047. 


Examples X. (p, 156). 

a 60^800 Th. U. (nearly). 4 426 Th. U. 
7 . 1470 lbs. 18 . Heat usefully em- 


ployed, 7*1 heat lost in boiler and chimney, 31*5%; heat lost in 
ei^ne^ 60*6 % • beat lost in dynamo^ etc., *8 %. 18 . 8'^ *274, 

14 *085, *141, *204 tt 


15 . 312VC 


18 . 8*6c^ *274, 
la 635*55 Th. 17 . 


Examples XL (p. 166). 

7. 24*4lbs. 8 . 97*F. 9. la 126* F. IL 210 lbs. 

la 228 tons. 14 18,990 lbs. 


Examples XIL (p. 173). 

a 53*4 lbs. a 5*^25. IL Locomotive, 150* F. ; marine 
ra^n^^^5* F. 18 . 11 5a 14 H.P. 1618, LP. 1672, 

Examples XIIL (pw 186). 
a 11-5 lbs. 11 . 11*8 H.P. 

Examples XIV. (pi 201)1 

4 76*8 E.H.P., 177*9 LH.P. a At 10 knots, thrust « 20^000 lbs. 
E.H.P. s 614; LH.P. B 1054. 9 . 37*5 sq. a la 5 tons. 

14 98 lbs. par sq. in. 14 960 fL per nunute. 

Examples XV. (p. 211). 

7. *8^ C. ft., 1*22 c. ft. 

Examples XVI. (pp. 227, 228). 

1 . Cost for gas-enrine four times that for steam-engine. 7 . ii-6 
LH.P. 8. Heat oenperted into work, 16*3 %; Heat given to 

{■cket-water, 32-5 7 . 9 . 334*C. 10. 73-8 lbs. per iq. in 
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c. Describe, with sketches, only ottt of the following (a), ( 3 ), (ry, 
or (</):— 

(a) Any kind of cross-head, showing ends of piston-iod and 
connecting-rod and guide. 

(^) A gas or oil engine cylinder, showing Talves and piston. 

{c) A surface condenser, showing the stays and the attach- 
ment of the tubes. 

{d) An air-pump, showing foot, bucket, and deliveiy 
valves. 

a. Describe, with sketches, only uim of the following (o), (^), 
or (d) 

(a) Locomotive cylinden, and how they are listened to the 
side frames. 

if) A steam or gas engine governor, and how it regulates. 

(r) A spirit or oil engine for a motor car, showing how it 
drives the car and how it works. 

(d) The frame of a marine engine, showing how the pumps 
are worked. 

3. Answer only pm of the followii^ (a), (^), or 

Describe how you would ezperimentdly determine— 

(0) How the pressure and temperature of steam depend upon 
one another. Why must there be no air present ? 

( 3 ) The calorific power ot any kind of burning gas. 

(r) The latent heat of steam. 

4. State the following amounts of enenpr in foot-pounds 

A weight of one ton which may fall vertically 10 feeL 
3 lbs. of water raised ao* Centigrade: 

One horse-power hour. 

3 wattt for 200 hours. (15) 


*53 


a 
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5. Draw the compression, ignition, and expansion part of a gas-engine 
diagram. If the volumes and pressures at four points on the 
diagram, to any scales whatsoever, are represented by — 


Points 

Ijn 

B 

C 

0 

Volumes 


1-5 

2 

4 

Pressures 

1 

4 

10 1 

3 


and if at the point A we know that the temperature is 127 C., 
what are the temperatures at the other points? Tabulate the 
results. 

6. A steam electric generator on three long trials, each with a different 
point of cut-oflf on steady load, uses the following amounts of 
steam per hour for the following amounts of ])Ower : — 


Lbs. of steam per hour 

4,020 

6,650 

10,800 

Indicated horse-power 

210 

480 

706 

Kilowatts produced 

114 

290 

435 


Find the indicated horse-power and the weight of steam used 
per hour when 330 kilowatts are being produced. 

7. Steam enters a cylinder at i«o lbs. (absolute) per square inch. It is 
cut off at one-fourth of the stroke and expands according to the 
law constant.” Find the average pressure (absolute) in 
the forward stroke. If the back pressure is 17 11 ». (absolute) 
per square inch, what is the average effective pressure ? If the 
area of the cross-section of the cylinder is 126 square inches, 
and the crank is 11 inches long, what work is done in one 
stroke ? Neglecting deaiance and condensation, what volume 
of steam enters the cylinder per stroke? 

8L Usm the formula in the table of useful constants furnished you, 
<&d the volume of 1 lb. of the steam admitted to the cylinder 
of Question 7. What wdght of steam is actually admitted to 
that cylinder per stroke 7 
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If you do not care to use the formula, use the following 
information and squared paper: Steam at 150 lbs. pressure is at 
iSi” C, and the following numbers are known 


Temperature ... 

I 7 S* C. 

i8o* C 

i85* C. 

Volume in cubic feet of i lb. of 

3 ’ 4 i 9 

3-065 

*756 

steam 





9. Sketch a simple slide valve placed symmetrically over the cylinder 
portSi and in dotted Jines show it at the beginning of a stroke 
of the engine. What do we mean by outside lap, inside lap^ 
lead of valve, and advance of eccentric ? 

10. If cut-off takes place on both sides of a piston when the crank 

makes an angle of 90” with tlie dead point, (l) assuming con- 
necting - rod infinitely long, (2) assuming connecting-rod four 
times length of crank, find in each case for eadi side of piston 
the fraction of stroke at which cut-off takes place. 

11. We endeavour to prevent condensation in the cylinder of a steam- 

engine, (n) by a separator, (d) by superheating, (c) hj drainage 
from the cylinder, (if) by steam-jacketing, (!) by high speed. 
Explain how each of these methods ten£ to effect our obj^. 

I a. Using the formula in the table of useful constants furnished you. 
find how much heat was given to each pound of feed water at 
20* C. to convert it into the steam which is admitted to the 
^linder of Question 8, if that admitted steam is at 181* C. and 
b not wet 


B. 

Describe, with sketches, only an# of the following (a), (^), (r), or 

M:- 

(a) A pbton slide valve and its seat, showing packing and 
ports. 

(d) Any engine, steam, spirit, or oil, used on motor cars. 

(s) Any link motion or other reversing jgear to work a slide 
valve with whidi you are acquainted. State^ei 


what u the effect 
(if) Either i Geipel or Sirius 
trap. 


i you are acquamtec 
of altering the gear, 
lirins or TumbaU or 


s^exactli 
Lancaster steam 
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A Describe! with sketches, only one of the following (o), or (r) 

(a) A double-ended cyfindric marine boiler ; the usual posi- 
tions of joints of plates and of stays to be indicated. 
Where and why is leakage probable under forced 
tought? 

( 3 ) Any water-tube boiler; the general construction to be 
clearly shown : some one part shown in good detail and 
more carefully described. 

ir) A steam boiler for a traction engine or a motor car, the 
fuel being oil or spirit. Describe carefully any appli- 
ance necessary in this boiler sfhich is not usually found 
on a stationary boUer. 

3. Answer only o$u of the following (o), ( 3 ), or (r). How would you 

experimentally determine — 

{a) The latent heat of steam at atmospheric pressure? Why 
is it more difficult to measure Uie latent heat at, say, 
two atmospheres ? 

( 3 ) The total heat obtainable from the burning of one pound 
of kerosene ? 

(r) How the rate of passage of heat from hot gas inside a 
tube to water outside the tube depends upon theTelodty 
of gas along the tube? 

4. State the following amounts of energy in foot-pounds 

A wei|^t of 1*6 tons mi^ foil vertically 12 feet. 

The kmetic energy of a body of 100 lbs. moving at i,80o feet 
per second. 

2*4lbs of water raised from 50* F. to 80* F. 

'rhe latent heat of steam at atmospheric pressure 
Oon horse-power hour. 

23 kilowatts for 5 hours. 

The energy given to a mass of fluid at 150* C., increasing its 
entropy by the amount of 0*56 ranks, its temperature keeping 
constant. 

5. Steam of 150 lbs. per square inch (absolute) is cut off at i stroke, 

and expimds according to the law fp constant Find the average 
pressure in the forward stroke, using squared paper. The back 
pressure is 18 lbs. per square inch, what b the effective pres- 
sure on the piston r The piston is 15 inches diameter ; crank 
I foot ; two strokes in the revolution ; 120 revolutions per 
minute ; find the work in one revolution and the H.P. 

fi. At an electric-power station, 4,150 units of electric energy were sold 
in 24 hours, the coal consumed being 16,200 pounds. And on 
another occasion 2,489 units were sold in the 24 hours, the coal 
consumption being 12,880 pounds. It is known that if units of 
electricity and weight of coal are plotted on squared paper, the 
points will lie fairly well in a strai^t line. The maximum out- 
put is 25,000 units. Find the coal consumed in the 24 hours. 
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when there are the daily outputs of 8, i6, 24, and W per cent 
of the maximum. In each case what is the coal per unit? 
Taliulate your answers. 

7. Sketch the compression, ignition, and expansion parts of a gas 
engine diagram. If the volumes and pressures at four points on 
the diagram, to.any scales whatsoever, are represented by— 


Points 

B 

B 

C 

0 

Volumes 

6 

B 

2 

4’5 

Pressure 

1 

5 

13-8 

3-2 


c 





and if at the point A we know that the temperature is 140* C, 
what are the temperatures at the other points? Tabulate your 
results. 

8. Sketch the section of a simple slide valve placed symmetrically over 
the ports, and, in dotted lines, show it at the licginning of the 
stroke of the engine. What do we mean by 9uinde lap^ imsidt 
taPy lead of valvCy and angular advance? 

Draw another view of the valve, showing its face. 

9. A piston and rod and cross-head weigh 330 lbs. At a certain 
instant, when the resultant total forces ofue to steam pressure is 
3 tons, the piston has an acceleration of 370 feet per second 
per second in the same direction. What is the actual force 
acting at the cross-head? 

la A vessel b filled by 100 tons of water at 210* C How much 
steam must be taken away just dry at 175* C. through a reduc- 
ing valve for the temperature of the remainder to become 
175* C. ? Vou are given that the latent heat of steam at 175* 
C. is 4827 centigrade units. 

11. There is a balance weight of 180 lbs. at a distance of 3*4 feet from 

the centre, and another we^ht of 150 lbs. at a dutance of 2*56 
feet from the centre, in a direction at right angles to the first, 
both on the same driving-wheel of a locomotive. Find the 
amount and position of any single weight which would have the 
same balancing effect as these two. 

12. Describe, with sketches, a loaded Watt governor. Why is a load 

used? 

13. Describe^ with sketches, how lubrication of the various parts of an 

engine (not encased) is now usually performed. 
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C. 

1. Describci with good sketches, some one important detail of a 

modern steam or internal combustion engine with which you 
are well acquainted. If, for example, the crank-pin and the end 
of a connecting-rod be shown, it is of no use merely indicating 
the existence of a bolt and nut ; the bolt and nut, and the 
method of locking the nut, must be clearly shown. Again, it 
is no use making a sxetch of so much of any engine that details 
cannot be clearly sketched. For example, a whole governor 
with its gear would be too much, but certain parts may 'be 
chosen. 

This question is to test your knowledge of details and your 
power to sketch. 

2. Describe, with good sketches, some one important part of any kind 

of boiler. For example: — a fitting like a safety valve; the 
staying of the fire-box crown of a locomotive; the arrange- 
ment of a furnace; a feed-water heater; gauge glass and 
connections. 

The remarks in Question 1 apply here also. 

3. Ill connection with the steam or gas or oil or spirit engine work 

with- which you are acquainted there is testing of some sort to 
be done requiring careful measurement of work or heat. For 
example: — finding the calorific power of coal, gas, or oil; 
finding the latent heat of steam ; or how its pressure depends 
upon temperature ; or finding the wetness of steam during an 
engine test; comparing the power of an engine and the 
quantity of heat or of steam, gas, or oil used per hour. 
DescrilM, with sketches, some one such test. 

(Should you choose to answer also Question 10, there must 
be no repetition.) 

4. Steam enters a cylinder at 140 lbs. pressure (absolute) per sq. inch ; 

is cut off at o'3C of the stroke and expands according to the law 
constant*^ Neglect clearance and cushioning, and draw 
the hypothetical diagram usually taken. Back pressure 17 Iba. 
per sq. inch. Find the effective pressure. Area of piston, 
one square foot ; stroke, 2 feet. What is the work done in one 
stroke? How many cubic feet of steam entered the cylinder? 
What is the work done per cubic foot? 

5 An ssigine whose speed and cut-off do not alter, uses W lb. steam 
per hour when its actual horse-power is P, and Mf and P have 
oeen carefully measured during three long tests. 
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p 

... 

152 

110 

S6 


w 

3*90 

1 2630 

1850 


What is the probable )M when P Is 125 horse-power? In 
each of the four coses find the steam used per horse-power 
hour. 

6. What is Kegnault’s total heat of steam at 170" C.? Use the formula 

on the outside page of the tables given you. State exactly 
• what you mean by this total heat. How much of it is given 
to the water? How much is called latent heat of steam? 
Give these two answers for steam at lOO** C. 

7. Sketch a simple slide ^alve showing ^linder ports and no more 

of the cylinder; show the valve in its mid position. Show 
in dotted lines the position of the valve when the piston has 
just begun its stroke. What do we mean by outside lap of a 
valve, inside lap, advance, and half travel? How do these 
alTect the distribution of steam? 

8. A link motion or other gear for a slide valve will reverse an engine, 

but suppose we do not reverse the engine; suppose we only 
change from say full to half gear ; state clearly what it is that 
is really effected by the change. Sketch also the probable 
change in the indicator diagram. 

9. What is the cause of priming in boilers ? Even if the boiler does 

not prime, why may wet steam reach the cylinder? What may 
be done to prevent it? Even if only dry steam^ enters the 
cylinder, why may there be condensation on admission? Why 
is this harmful? What may be done to prevent it? 

10. Describe the construction of an indicator, and how it b used. 

Give a sketch of a specimen indicator diagram from a steam, 
gas, or oil engine, and describe what each part of the diagram 
means. 

11. Why b an engine balanced? Describe generally any method of 

balancing the rotating; parts that b known to you. 

Imagine a long railway truck containing an invisible caged 
lion on a level track; aide bearings frictionless; imagine the 
lion to walk backwards and forwards to the limits of its cage, 
what would an outsider observe ? Now suppose the wheeb of 
the wagon blocked, what occurs? 

12. State very clearly what are the conditions that must be solbfied for 

good combustion in a furnace, and for the efficient communica- 
uon of heat from the hot gases to the water of a boiler. 
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D. 

1. Answer and illustrate Iw good sketches either (a) or { 6 ], but not 
both:— 

(a) In reference to any modem example of a steam, gas, oil, 
or spirit engine you like to select, how is leakage pre- 
vented past the piston? Also past the piston-rod if a 
steam-engine is chosen? 

{b) Describe the construction of a steam-engine qrlinder, 
showing the ports and the steam inlet and outlet, 
but omitting the covers of the cylinder and steam 
chest. 

S. Answer and illustrate by good sketches either (a) or {b), but not 
both, in reference to die type of modem steam-boiler with whioh 
you axe best acquainted 

(a) Show the arrangement for feeding the boiler with water 
under pressure. 

{b) Explain how the steam is brought to the cylinder as dry 
as possible. Describe a valve for shutting off the 
supply of steam. 

3. Describe how you would test a boiler for strength, or an indicator 

for accuracy, or a feed-water meter. Choose only one of 
these. 

4. What heat is given to x lb. of water at o*C. to convert it 

into dry saturated steam at 180* C? Use the formula on the 
outside page of the tables p^ven you. How much of this is 
riven to it as water to raise its temperature, and how much is 
latent heat? If instead of being at o*C. it had been water at 
30* C, how much heat would have been needed? 
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$. Figure 144 shows an indicator diagram with its atmmheric line, 
from a cylinder 15 inches diameter, 2 feet stroke. The scale of 
the diagram is known from the fact that the highest gat^ 
pressure is 75 lbs. per square inch. Find the effective average 
pressure and the work done in one stroke. 

6. Describe with sketches any method known to you of admitting and 

exhausting steam to and from the two ends of a cylinder. You 
must show that you know how the contrivance admits and 
releases before the ends of the stroke and allows expansion and 
cushioning. 

7. If a locomotive of 1,200 indicated horse-power uses lbs. of feed- 
, water per hour per indicated horse-power; in a journey of two 

and a half hours, what is the total amount of feed-water? If 
every pound of coal produces 9 lbs. of steam, what is the total 
weight of coal bur^ on the journey? If the mechanical 
efficiency of the engine is 0*85, what is the power actually spent 
in overcoming the resistance of the engine and train? 

8L The crank-shaft of a gas-engine is giving out steadily 20 horse- 
power at an average speed of 150 revolutions per minute. How 
many foot-pounds is tnis per cycle (of two revolutions)? About 
how much of this must be stored and unstored by the fly-wheel 
if there are 75 explosions per minute? 

9. Describe with sketches how any governor keeps the speed of an 
engine fairly constant. What is meant by huntingt 

la What occurs to the coal and its constituents in the furnace of any 
boiler? Choose some boiler with which you are well acquainted. 
What becomes of the heat developed? Trace the products of 
combustion along the flues as th^ get cooler, and say what is 
the nature and state of these pr^ucts, and why the heat is 
leaving them. 

11. In comparing the following methods of generating heat, pay atten- 
tion only to cost, leaving convenience and other matters out of 
accounL 

1 lb. of average coal gives out 8,500 centigrade pound heat 
units. 

1 cubic foot of average London gas gives out 380 centigrade 
pound heat units. 

A Board of Trade unit of electrical energy is hoiae-power 
hours. 

How much heat is generated by one ton of coal? If the gas 
costs three shillings per thousand cubic feet ; if the Board 
of IVade unit costs sixpence^ what is the cost in tHbse two 
cases of the amount of neat pven ^ut in burning one ton 
of coal? 
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12. From a shaft driven by a steam-engine the actual work in foot- 
pounds delivered per cubic foot of steam admitted to the 
cylinder is 

144 {a (* 

when the initial pressure, is 100 lbs. per square inch, wheie 
the back pressure, is 17 lbs. per square inch, where / 
represents the friction of the engine and shafting and is l4i 
where m represents missing water and bad effect of clearance 
and is 14. 

Calculate this for such values of r as 3, 2}, 2, i}, and plot on squared 
paper to find the best cut-off. 


E. 

1. Describe, with sketches, one, and only one, of the following, (e), 

w, (0,M.orWs-. 

(a) The piston of a large steam-engine, its packing and fiisten 
ing to the piston-rod. 

(^) The piston, piston-rod and cross-head of a locomotive. 

(r) The cylinder of a gas-engine. 

{d) The vanes and mouthpieces of an impulse steam-turbine. 
(e) The cylinder, valves and igniting arrangement of a petrol 
engine. 

2. Describe, with sketches, one, and only one, of the following, {a), 

W,W,orW:- 

[a) The smoke box of a locomotive showing exhaust steam- 
pipe and cylinder fastenings. 

(^) A marine safety valve, or a dead-weight safety valve, 
showing seating blo^. 

(r) The general airangement of any water tube boiler, some 
one detail being entered into folly. 

{d) A Bourdon pressure gauge. 

3. How would you experimentally determine the calorific value of 

a fuel ? choose some one only, solid, liquid or gaseous. 

4. Describe, with sketches, bow you would take an indicator diagram 

of a steam-engine or a gas-engine. Sketch a possible dia^m 
and explain how you would calculate the indicated horse-power. 
What information is necessary 7 

5. The heat required to convert a pound of water at o* C. into a 

pound of steam at fT C. is 

H s= 6o6'S + 0-305 $. 

How much is this if the steam is at 180* C. ? How much of 
tms is laitni keait 

If the water had been at 40* C. to begin with, what total 
hrat was needed ? 
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6 . Draw a slide valve in its mid position, and in dotted lines show its 

position at the beginning oi the stroke of the piston. 

Explain how it distributes steam. What do we mean by 
half-travel, angular advance and lap of a valve? 

7. If a piston with its rod weighs 250 lb., and if at a certain instant 

when the resultant total force due to steam pressures is 3 tons 
the piston has an acceleration of 320 feet per second per second 
in the same direction what is the actual force acting on the 
cross-head ? 

8. At an Electric Light Station : On full power (or load factor 100 

per cent.) the output is 6,000 kilowatts, the feed water being 
132,000 lb. per hour. When the output is 1,200 (or load factor 
20 per cent.), the feed water is 53»ooo lb. per hour. Plot power 
and water on squared paper and assume a straight line law. 
What is the water per ^ur when the load factor is 10 per cent. ? 
(that is, the output Is 600 kilowatts). Tabulate the numbers. 
State in each case the water per hour per kilowatt. 

9. How do we try to prevent condensation in a cylinder? If any of 

the methods serves some other good object, state it. 

10. One pound of a fuel contains 0*8 lb. of carbon and 0*15 llx c>f 

hydrogen and no free oxygen or nitrogen: what weight of 
oxygen is needed for complete combustion? what weight of 
air? 

11. Choose any kind of boiler. Explain how its construction, 1st, 

the combustion is made as complete as possible, 2nd, as much 
of the heat as possible is given to the water. You need not 
speak of careful firing. 

12. Explain why both the flywheel and governor are needed to regulate 

or govern the speed of an engine. 

13. State in foot-pounds the following amounts of energy: — {a) A 

weight of 40 tons raised 30 feet ; (b) a projectile of 40 lb. 
moving at 2,000 feet per second ; {c) 3*4 horse-power-hours ; 
(d) 2*5 kilowatt-hours ; (a) the calorific energy of one lb. of 
average coal which is 8,370 Centigrade heat units. 

F. 

!• Describe, with good sketches, one, and only one, of the following, 
(e)f WAc) or (a) 

(a) The crank shaft bearing of a horizontal or vertical engine. 

( 3 ) The crank axle of an inside cylinder locomotive. 

{c) The piston of a gpw or petrol engine, showing the packing, 
and the pin to which the connecti^ rod is attach^. 

(d) Hie rotatmg port of a Parson's or other steam turbine, 
showing how the vanes are 6xed. 
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2. Describe, with good sketches, one, and only one of the following, 

(«).(«• W, WorW 

(a) A steam stop valve of the screw-down type. 

W A locomotive re^lator valve of any type. 

(r) Two forms of bmler stap, stati^ the use of eadi. 

{d) The front plate of a Lancashire, Cornish, or return tube 
marine boiler, riiowing how the boiler shell is attached. 

(tf) The carburetor of a petrol or oil engine. 

3. With a small experimental boiler you are finding the pressure of steam 

when its temperature is, say, 100* C., 110” C., 120* C., &c. 
Show, with sketches, exactly how you would proceed. In what 
way does the presence of air with the steam spoil your results ? 

4. State the following amounts of energy in foot-pounds 

(a) A weight of 35 tons may fidl vertically 15 feet. 
id) The kinetic energy of a projectile of 60 lbs. moving at 
2,000 feet per second. 

{c) The calorific energy of 1 lb. of coal, 8,500 Centigrade 
pound heat units. 

(<f) 30 lbs. of water raised from 40* F. to 103* F. 

(0) One horse-power hour. 

(/) One kilowatt hour. 

5. It used to be thought that by cutting off earlier and earlier in the 

stroke, we got better and better results. Why is this untrue ? It 
used to be that the slide valve was never found on economical 
engines; why is it now in use on many large and economical 
engines ? 

6. The mean effective pressure on the piston, both in the forward and 

back strokes, is 62 lbs. per square inch ; cylinder, x8 inches 
diameter ; crank, 18 inches long. What is the work done in one 
revolution? 

7. A pound of oil contains 0*85 lb. of carbon and 0*15 lb. of hydrogen. 

What weight of oxygen is sufficient to produce CO^ and HgO by 
combustion? Take the atomic weights of C, 12 ; of O, 16 ; of H, 
I. If X lb. of oxygen is contained in 4*35 lbs. of air, how many 
pounds of air are needed for complete combustion? 

8. A slide valve is worked directly bom an eccentric. The advance is 

30*. When the main crank has moved 20” from the line of centres, 
show the position of the eccentric crank. The half travel being 
3 inches, mark off this radius and drop a perpendicular on the line 
m eentres ; what have you thus found ? 

9. A formula for Renault’s total heat H will be found on the tables 

supplied to you ; it is the total heat which must be given to x lb. 
cT water at o* C. to raise its temperature as water to 2* C., and 
dien to convert it all into steam at 8* C What is the heat which 
must be given to^x Ibi of water at 40* C to convert it into steam 
at 170* a ? 
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la A boiler furnace fire is about 12 inches thick. What do we know 
as to the way in which the combustion is going on at various 
places in the coal and above it and in the space just on the 
furnace side of the flues? Take any state you please ; just before 
fresh coal is supplied or after, but you must say what the 
conditions are. 


1 1. F lb. is the outward radial force on each ball of a governor required 
to keep it in equilibrium at the distance r feet from the axis when 
not revolving, llie following are for the extreme cases : — 


t 

F 

• 


0*5 

lOU'l 

07 

144-6 


The weight of each ball being xo lbs., what is the centrifugal 
force of each at n revolutions per minute, the radius being r. 

What axe the speeds for the above values of r when the 
governor is revolving? 

12. In a gas-engine cylinder where v s 2*2 and p a 1472 it was known 

that the temperature was 130* C What is ^e temperature 
when / a 122 and v = 1*2? 

13. The total heat, that is, the heat H required to convert a pound of 

water at o* C into a pound of wet steam at 0* C., having a 
dryness finction 4r, is 

H = 9 + xL 

where £ is the latent heat of i lb. of dry saturated steam. If 
wet steam 90 per cent drv (that is, = 0*9) at 203*3 lbs. per 
square inch, is throttled hj passing through a non-conducting 
reducing valve to 101*9 square in^ what is its dryness 
at the lower pressure? Rememba that /f is the same for the 
two kinds of steam ; it keeps constant when steam is throttled. 



f 

L 

ao3*3 

*fS 

4d8x) 

xoi -9 

165 

1 489’9 
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o. 

1. Describe, with sketches, one, and only one, of the following, 

(«). W, W. (rf),or (tf):— 

(a) Any form of governor. 

{d) A large air-pump for a steam-engine. 

(c) The crank axle of a locomotive, showing the eccentric 

sheaves, the direction of the centre of er^ sheave being 
shown relatively to the directions of the cranks. 

{d) An engine used on any kind of motor-car. 

{e) The rotating p.;rt of any steam-turbine, showing how the 
vanes are fixed. 

2. Describe, with sketches, only one of the following, {a), ( 3 ), \c), 

or (flf) ; — 

(a) The fire-box of a locomotive, showing how it is stayed. 

Give larger sketches of a few details. 

( 3 ) Any important part of any water-tube boiler. 

(r) Any form of safety-valve now in common use. 

(d) The carburettor of a petrol-engine. 

3. Describe, with sketches, how you would experimentally determine 

one (and only one) of the following, (a), ( 3 ), (r), or (d) 

(a) The law connecting pressure, volume, and temperature of 
a quantity of air. 

( 3 ) The heat required to convert l lb. of water at o* C., into 
dry saturated steam at, say, 100 lbs. per square inch. 

(r) The dryness of steam leaving a boiler. 

(d) The calorific power of a gas, or an oil, or petrol. 

4. State the followinjg amounts of energy in foot-pounds ; — 

(o) The kinetm energy of the rim of a fly-wheel whose weight 
is 3 tons, average velocity 75 feet per second. 

( 3 ) The calorific energy of one cubic foot of producer gas 95 
centigrade heat units. 

(r) 25 lbs. of water raised from 10* C to 40” C 
(aO Twenty horse-power during 3 minutes. 

(0) Three B.O.T. units, that is 3 kilowatt-hours. 

5. Steam enters a cylinder at any initial (absolute) pressure A, it is 

cut off at f of the stroke. What is the average pressure anxing 
the stroke ? It is some fraction of A. Assume the hypothetical 
diagram, no deaxance, and an expansion law fv constant. 

Apply your answer to the cases where Pg is 100, 80^ and 6a 
If the uacK pressure is 17, what is the mean effective pressure in 
each case? 

The area of the piston is 300 square inches, crank a feet, two 
strokes in a revolution ; what is the work done in one revolution 
in each of the above cases ? Tabulate your answers. 

6. Two strokes in a ^^olution, area of piston 300 square indies, 

crank a feeL What is the volume (neglecting clearance) of 
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flteam admitted if the cut-off is at | of the stroke ? If the initial 
pressure is lOO, or 8o, or 6o lbs. per square inch, what weight of 
steam is used in one stroke (assuming no condensation, no 
clearance) 7 What weight is used in one revolution ? 


- 

.00 

80 

60 

V'olumc in cubic feet on 1 lb. of ; 
steam j 

4 " 3 S<» 

S '37 

7-03 


7. The area of a petrol-engine diagram is (using the planimeter which 

subtracts and adds properly) 4*12 square inches, and its length 
(parallel to the atmoi^pheric line) is 3*85 inches ; what is the 
average breadth of the figure? If 1 inch represents 70 lbs. pei 
square inch, what is the average pressure? The piston is 3*5 
inches in diameter with a stroke of 4 inches. What is the work 
done in one cycle? If there are 800 cycles per minute, what is 
the horse-power? 

8. A formula for Rcgnault’s total heat H will be found on the tables 

supplied to you ; it is the total heat which must be given to 1 lb. 
of water at o* C. to raise its temperature as water to 0* C, and 
then to convert it all into steam at 0 * C What is the heat which 
must be mven to l lb. of water at o* C. to convert it into steam 
at 150* C. ? What amount of this was required to heat the 
water before any of it was converted into steam? What name 
is given to the remainder, and how much is it ? 

9. Why do we admit air by the fire door as well as from the ashpit 

through the grate of a boiler furnace? 

la Sketch and describe any form of steam or gas engine indicator. 

11. What is the formula for centrifugal force Fibs, in terms of radios 
r feet, mass m or ^ and n revolutions per minute ? Given F, 
r, and oi, show how we find is. If F has the following values for 
the given values of r, and w s 9-66 lb., find n in each cose. 


r feet. 

F pounds. 

0*6 

«7 

0*8 

lao 


1 
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12. Sketch the ports and a simple slide-valve in its mid position. In 

dotted lines show the valve at the beginning of a stroke of the 
piston. What do we mean by lap, lead, and advance of a valve ? 

13. What methods are taken to prevent condensation of steam in the 

cylinder of an engine? Why does such condensation tend to 
take place? 
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